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AcOH   acetic acid 
ADME-Tox  absorption, distribution, metabolism, excretion and toxicology 
Ala   alanine 
aq.   aqueous 
ATP   adenosine triphosphate 
AUC   area under the curve 
BBB   blood brain barrier 
Bn   benzyl 
Bu   butyl 
cAMP   cyclic adenosine monophosphate 
cBu   cyclobutyl 
cGMP   cyclic guanosine monophosphate 
CH3CN   acetonitrile 
Cmax   maximum drug concentration 
Compd   compound 
cPr   cyclopropyl 
dba   dibenzylideneacetone 
DEAD   diethyl azodicarboxylate 
DIPEA   diisopropylethylamine 
DMA   N,N-dimethylacetamide 
DMAP   N,N-dimethyl-4-aminopyridine 
DME   1,2-dimethoxyethane 
DMF   N,N-dimethylformamide 
DMFDMA  N,N-dimethylformamide dimethylacetal 
DMSO   dimethyl sulfoxide 
DPPA   diphenylphosphoryl azide 
ER   efflux ratio 
Et   ethyl 
EtOH   ethanol 
EtOAc   ethyl acetate 
EPS   extrapyramidal symptoms 
gem   geminal 
Gln   glutamine 
Gly   glycine 
HBA   hydrogen-bond acceptor 
HBD   hydrogen-bond donor 
HLM   human liver microsomes 
HMPA   hexamethylphosphoric triamide 
HOBt   1-hydroxybenzotriazole 
HPLC   high-performance liquid chromatography 
5-HT   5-hydroxytryptamine (serotonin) 
HTS   high throughput screening 
IC50   50% inhibitory concentration 
iPr   isopropyl 
KO   knockout 
Kpbrain   brain-to-plasma AUC0-24h ratio 
Leu   leucine 
Me   methyl 
MeMgBr   methylmagnesium bromide 
MeOH   methanol 
Met   methionine 
MK-801   (5R,10S)-(+)-5-methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine 
MRT   mean residence time 
MSN   medium spiny neuron 
NaOAc   sodium acetate 
NMDA   N-methyl-D-aspartic acid 
nt   not tested 
PCP   phencyclidine 
PDE   phosphodiesterase 
PDE10A   phosphodiesterase10A 
P-gp   P-glycoprotein 
Phe   phenylalanine 
po   per os 
POC   proof of concept 
PPh3   triphenylphosphine 
Pr   propyl 
QOL   quality of life 
rt   room temperature 
SBDD   structure-based drug design 
TEA   triethylamine 
TFA   trifluoroacetic acid 
THF   tetrahydrofuran 
TMSCl   chlorotrimethylsilane 
TPSA   topological polar surface area 
Tyr   tyrosine 
WHO   World Health Organization 
WSC   1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 















社会的生活に支障をきたす精神障害である．世界保健機関（World Health Organization, WHO）の調べ
によると，統合失調症患者は全世界で 2100 万人以上に上ると言われており 1)，日本においても診療
を受診中の患者数は約 80 万人（厚生労働省 2008 年患者調査），未受診の患者を含めるとおよそ 100












神経の投射先である線条体には多くのドパミン D2 受容体が発現しているため，D2 受容体遮断作用
を有する抗精神病薬が開発されてきた 5,6,7,8)．抗精神病薬には，ハロペリドール 9)などの定型抗精神






ら 2 つの受容体に加え，ヒスタミン H1 受容体やセロトニン 5-HT2c 受容体の遮断作用まで併せ持つ
ことで，重篤な体重増加が新たな副作用として問題となっている 14)．長期にわたり非定型抗精神病
薬を服用した患者は，一年間で平均約 10 kg も体重が増加し，動脈硬化などによる虚血性心疾患のリ
2 
 


























 Figure 1. Chemical structures of typical and atypical antipsychotics. 
 
ホスホジエステラーゼ 10A（PDE10A） 
線条体の神経細胞はその殆ど（95%）が中型有棘神経細胞（medium spiny neuron, MSN）であり，
ドパミン D1 受容体発現 MSN と D2 受容体発現 MSN に二分される 17)．既存抗精神病薬は，線条体
での D2 受容体遮断作用により，アデニル酸シクラーゼ 18)の活性化を介して，アデノシン 3 リン酸
（adenosine triphosphate, ATP）を細胞内セカンドメッセンジャーである 3'-5'-環状アデノシン 1 リン酸
（cyclic adenosine monophosphate, cAMP）へ変換する反応を亢進する．その結果，D2 受容体発現 MSN
内の cAMP 濃度が上昇し，続く神経回路の活性化により，抗精神病作用が発現すると考えられてい
る 6,7,8)．そのため，線条体で特異的に cAMP 濃度を上昇させることが出来れば，副作用を軽減しな
がら抗精神病作用を示す薬剤を開発できる可能性がある． 
ホスホジエステラーゼ（phosphodiesterase, PDE）は，cAMP や 3'-5'-環状グアノシン 1 リン酸（cyclic 
guanosine monophosphate, cGMP）といった環状ヌクレオチドの加水分解酵素であり，細胞内シグナル
を調節している 19,20)．PDE10A は，cAMP および cGMP の両方を基質として分解することが知られて
おり 21,22,23)，線条体の D1 および D2 受容体発現 MSN に特異的に発現している 24,25)．PDE10A 阻害は
D2 受容体発現 MSN 内で cAMP を上昇させるため，既存抗精神病薬と同様に抗精神病作用を示すと
考えられる 26,27,28,29)．一方，D1 受容体発現 MSN の活性化は，過度の D2 受容体発現 MSN 活性化に
拮抗して働くことが知られている．従ってPDE10A阻害によるD1受容体発現MSN の活性化により，




抗精神病薬の副作用を回避できると考えられている 14)．以上のことから, PDE10A 阻害薬の開発は, 
副作用を回避あるいは軽減する新規の統合失調症治療薬として期待され,  Pfizer（PF-0254592030)）， 
Omeros（OMS824, structure unknown），Roche（RG-7203, structure unknown） などの多くの製薬企業
が臨床開発を実施中である（Figure 2）31,32)．また，PDE には 11 種類のスーパーファミリーがあり，
それぞれ基質特異性や発現部位が異なることから，各 PDE は細胞内シグナル伝達において異なる重
要な役割を果たすと考えられる 33,34,35)．そのため，PDE 阻害薬の開発においては，標的とする PDE
の特性を正しく評価するため，あるいは他の PDE に起因する副作用を回避するために，PDE ファミ
リー選択性の確保が極めて重要である．臨床試験において, PDE10A の POC (Proof Of Concept) が未










 = 0.37 nM
PDE selectivity: >1,000-fold
OMS824 RG-7203
structure unknown structure unknown
  
Figure 2. Chemical structure of reported PDE10A inhibitor in clinical trial. 
 
ヒット化合物の創出と PDE10A との X 線結晶構造解析の結果 
 新規 PDE10A 阻害薬を創出するに当たり，著者らは社内化合物ライブラリーのハイスループット
スクリーニング（high throughput screening, HTS）を実施した．その結果，高い活性を示すピリダジ
ン-4(1H)-オン誘導体 1 をヒット化合物として見出した（Figure 3，PDE10A IC50 = 23 nM，PDE ファ
ミリー選択性: 110 倍）． 1 と PDE10A との X 線結晶構造解析を行った結果，下記の相互作用が明ら
かとなった（Figure 4）． 
1) ピリダジン-4(1H)-オン環上のカルボニル基は，PDE ファミリー共通の基質結合部位である
Gln716 側鎖 NH36,37)と水素結合相互作用を有している． 
2) ピラゾールの 2 位窒素原子は Tyr514 側鎖 OH と水を介して相互作用を有している． 
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3) ピリダジン-4(1H)-オン環は，Phe719 および Phe686 の側鎖フェニル基と，それぞれ face-to-face，
edge-to-face38)の π–π stacking 相互作用を有している． 
4) 3-(トリフルオロメチル)フェニル基は，Leu625 および Met703 の側鎖に挟まれた脂溶性空間を効
率よく充填している．また，ピリダジン-4(1H)-オン環と 3-(トリフルオロメチル)フェニル基は，
ねじれた活性コンフォメーションを示している． 
5) 3-(トリフルオロメチル)フェニル基の 4 位周辺には占有されていない空間が存在している． 
6) PDE10A 選択性ポケット 30,39)と呼ばれる空間に存在する Tyr683 とは相互作用を有していない． 
 
 PDE10A に対する cAMP と化合物 1 との結合様式の比較を Figure 4C に示す．PDE10A が基質であ
る cAMP を認識する際，Gln716 側鎖 NH がアデニンの 7 位窒素原子と，Gln716 側鎖カルボニル基が
アデニン 6 位のアミノ基とそれぞれ水素結合相互作用を形成する．その結果，環状リン酸部位が亜
鉛イオンとマグネシウムイオンからなる触媒部位近傍に配置され，加水分解反応が進行する 36,37)．
化合物 1 は，ピリダジン-4(1H)-オン 4 位カルボニル基で Gln716 側鎖 NH と水素結合相互作用を形成



































































Figure 4. X-ray crystal structures of compound 1 in the PDE10A catalytic domain. (A) Front perspective view. 
Leu625 and Met703 were omitted for simplicity. (B) Left perspective view. Phe719 was omitted for simplicity. 






 上述の X 線結晶構造解析の結果を踏まえて，ヒット化合物 1 の更なる活性ならびに PDE 選択性の
向上と良好な ADME-Tox プロファイルを兼ね備えた開発候補化合物の創出を目的として，下記に示
す戦略を立案して合成検討を行った（Figure 5）． 
【第一章】PDE10A 阻害活性が強く，PDE ファミリー選択性の高いリード化合物創出を目的に，1-1) 
相互作用部位であるピラゾール環の変換，1-2) ピリダジン-4(1H)-オン環 1 位ベンゼン環への置換基
の導入，および 1-3) Gln716 側鎖 NH との二座配位相互作用を指向したピリダジン-4(1H)-オン 5 位へ
のアルコキシ基の導入を検討した（Figure 5，青字部分に該当）． 
 
【第二章】PDE10A 阻害活性ならびに PDE ファミリー選択性の向上を目的に，PDE10A 選択性ポケ
ット内に存在する Tyr683 との相互作用の獲得，および PDE10A 選択性ポケットを充填させる合成検
討を実施した（Figure 5，赤字部分に該当）． 
 











































ヒット化合物 1 と PDE10A との X 線結晶構造解析を基にしたドラッグデザインを行った結果，
PDE10A 阻害活性および PDE ファミリー選択性に優れたリード化合物 21 を見出した（Scheme 1）．
また X 線結晶構造解析の結果，ピリダジン-4(1H)-オン 4 位カルボニル基と 5 位メトキシ基は，PDE




































【第二章】第一章で見出した一連の化合物は，PDE10A 選択性ポケット内にある Tyr683 と相互作用
を有していないことが明らかとなった．さらなる活性および選択性の向上，またピリダジン-4(1H)-
オンを機軸とした別骨格探索を目的として，Tyr683 との相互作用の獲得および PDE10A 選択性ポケ
ットの充填を試みた．SBDD を行い，強力な PDE10A 阻害活性を示し，PDE ファミリー選択性が極











































































































第一章 PDE10A 選択性の高いリード化合物の創製： 
5-メトキシピリダジン-4(1H)-オン誘導体の合成と生物活性 
 
第一節 X 線複合体結晶構造を利用したドラッグデザイン 
 社内化合物ライブラリーの HTS の結果，高い PDE10A 阻害活性を示す化合物 1 を見出した（Figure 
3，PDE10A IC50 = 23 nM，PDE ファミリー選択性: 110 倍）．ヒット化合物 1 の PDE10A 阻害活性なら
びに PDE ファミリー選択性の向上を目指して，化合物 1 と PDE10A との X 線結晶構造（Figure 4）
を基にドラッグデザインを行い，下記の構造最適化を計画した． 
1-1) ピラゾール環は Tyr514 と水を介した相互作用をしており，ピラゾール 2 位窒素原子は水素結
合アクセプター（hydrogen-bond acceptor, HBA）として機能している．そこでピラゾール環を，
HBA を有する種々のヘテロ環へ変換することにより，構造活性相関を取得する．具体的には，
HBA を有する 5 員含窒素複素環であるトリアゾールおよびイミダゾール，HBA として酸素
原子を有する 5 員芳香族複素環であるフラン，HBA を有する 6 員含窒素複素環であるピリジ
ンへの変換を計画した（Figure 6）． 






Gln716 側鎖 NH と水素結合相互作用を有する．一方，天然のアルカロイドであり，PDE 阻害
剤として知られるパパベリンは，PDE10A との X 線複合体結晶構造において，Gln716 側鎖
NH とパパベリンの 2 つのメトキシ基で二座配位相互を有することが知られている 40)（Figure 
7）．化合物 1 とパパベリンの X 線複合体結晶構造の重ね合わせを基に，ピリダジン-4(1H)-
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Figure 6. Optimization strategies using SBDD techniques. 
 









Figure 7. (A) Chemical structure of papaverine. (B) Overlaid crystal structures of papaverine (green, PDB ID 
2WEY) and compound 1 (white) in the PDE10A catalytic domain. The bidentate interaction between NH of 





第一項 3 位に種々のヘテロ環を有するピリダジン-4(1H)-オン誘導体の合成 
 前節 1-1)でデザインした 3 位に種々のヘテロ環を有するピリダジン-4(1H)-オン誘導体 A を合成す
るルートを，逆合成解析により設定した（Scheme 4）．ピリダジン-4(1H)-オン 3 位の種々ヘテロ環
は，中間体 B，C もしくは D を用いて，閉環反応もしくはカップリング反応により合成することに
した．また，これらの中間体は，共通鍵中間体 E のエステル基を変換することにより合成可能であ
ると考えた．鍵中間体 E は，Plescia らにより報告された合成法 41)に従い，Japp-Klingemann 反応 42)




















































 化合物 11a–d は，Scheme 4 で示した逆合成解析に基づき，市販のアニリン 2 を原料として Scheme 
5 に示した方法によって合成した．アニリン 2 から誘導したジアゾニウム塩をアセト酢酸メチルと




とにより，トリアゾール誘導体 11a を得た．また，化合物 4 を加水分解した後，Curtius 転位 43)に付
すことにより化合物 8 へ導き，グリオキサール，塩化アンモニウム，ベンズアルデヒドと反応させ
ることにより，イミダゾール誘導体 11b を得た．フラン誘導体 11c は，化合物 8 を Sandmeyer 反応 44)
に付した後，得られたブロモ体 9 に Suzuki-Miyaura カップリング 45)を行い得ることが出来た．最後
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に，化合物 9 を(2-クロロピリジン-3-イル)ボロン酸，続くフェニルボロン酸との Suzuki-Miyaura カッ



























































































aReagents and conditions: (a) (1) NaNO2, HCl aq, 0 °C, (2) methyl acetoacetate, NaOAc, EtOH, 0 °C, 69%; 
(b) DMFDMA, reflux, 87%; (c) NH3, MeOH, microwave, 100 °C , 64%; (d) DMFDMA, microwave, 130 °C, 
76%; (e) phenylhydrazine, AcOH, microwave, 120 °C, 94%; (f) NaOH aq, MeOH, rt, 97%; (g) (1) 
diphenylphosphoryl azide (DPPA), TEA, toluene, 100 °C, (2) NaOH aq, rt, 56%; (h) (1) glyoxal aq, MeOH, rt, 
(2) benzaldehyde, NH4Cl, reflux, (3) H3PO4, reflux, 3%; (i) isoamyl nitrite, CuBr2, DMF, 0–60 °C, 82%; (j) 
(2-phenyl-3-furyl)boronic acid, Pd(PPh3)4, Na2CO3, DME/water, 80 °C, 7%; (k) 
(2-chloropyridin-3-yl)boronic acid, Pd(PPh3)4, Na2CO3, DME/water, 100 °C, 27%; (l) phenylboronic acid, 





第二項 ピリダジン-4(1H)-オン環 1 位ペンダントフェニル基オルト位の変換 
 前節 1-2)でデザインしたピリダジン-4(1H)-オン誘導体は，ピリダジン-4(1H)-オン環 1 位ペンダン
トフェニル基オルト位に種々の置換基を有している（Figure 6）．合成経路の終盤において置換基変
換を行う方が効率的であると考えられるが，ピリダジン-4(1H)-オン 1 位に直接芳香環を導入する方
法は報告されていない．そのため，Scheme 4 と同様の方法 41)で Japp-Klingemann 反応を用いて合成
することを計画した（Scheme 6）．アセチルアセトンを用いて合成される対称なヒドラゾン J は，
DMFDMA と反応させることにより，ピリダジン-4(1H)-オン環の構築と増炭反応を同時に行い，中
































化合物 14a–e は，Scheme 6 で示した逆合成解析に基づき，市販のアニリン 12a–e を原料として合
成した（Scheme 7）．アニリン 12a–e 由来のジアゾニウム塩とアセチルアセトンを Japp-Klingemann
反応に付すことによりヒドラゾン 13a–e を得た．続いて，DMFDMA 中で加熱還流することでジメチ








13b: R = Me
13c: R = Cl
13d: R = F
13e: R = H
NH2
12a: R = CF3
12b: R = Me
12c: R = Cl
12d: R = F






14a: R = CF3
14b: R = Me
14c: R = Cl
14d: R = F





aReagents and conditions: (a) (1) NaNO2, HCl aq, 0 °C, (2) acetylacetone, NaOAc, EtOH/water, rt, 33–67%; 




 前節 1-3)でデザインした 5-アルコキシピリダジン-4(1H)-オン誘導体 K を合成するルートを，逆合
成解析により設定した（Scheme 8）．種々のアルキル体 K は，フェノール誘導体 L のアルキル化に
より合成することを計画した．フェノール誘導体 L は，メトキシ体 M の脱メチル化反応により合成
出来ると考えた．また，メトキシ体 M は，4-メトキシアセト酢酸メチルとアニリン G を





































































5-アルコキシピリダジン-4(1H)-オン誘導体 20a–e および 21 は，市販のアニリン 2 および 12d を原
料として合成した（Scheme 9）．Scheme 5 と同様の反応を用いて，アニリン 2 および 12d から，化合
物 16a および 16b を合成した．Weinreb アミド 17 を経由して，メチルケトン 18a および 18b へ導い
た 46)．続いて，メチルケトン 18a および 18b を，Scheme 7 と同様の反応に付すことにより，5-メト
キシピリダジン-4(1H)-オン誘導体 20a および 21 を得た．さらに化合物 20a の脱メチル化によりフェ



























































2: R = 3-CF3
 
12d: R = 2-F 15a: R = 3-CF3
 
15b: R = 2-F











R R R R
R R
16a: R = 3-CF3
 
16b: R = 2-F
17a: R = 3-CF3
 
17b: R = 2-F
18a: R = 3-CF3
 
18b: R = 2-F
19a: R = 3-CF3
 
19b: R = 2-F
20a: R = 3-CF3
 
21: R = 2-F
 
aReagents and conditions: (a) (1) NaNO2, HCl aq, 0 °C, (2) methyl 4-methoxy-3-oxobutanoate, NaOAc, 
EtOH, 0 °C, 88%; (b) DMFDMA, reflux, 89%; (c) N,O-dimethylhydroxylamine hydrochloride, AlMe3, 
DIPEA, CH2Cl2, 0 °C, 67%; (d) MeMgBr, THF, −78 °C, 79%; (e) DMFDMA, reflux, 89%; (f) 
phenylhydrazine, AcOH, reflux, 71%; (g) TMSCl, NaI, CH3CN, reflux, 84%; (h) sodium 





第三節 PDE10A 阻害活性および PDE ファミリー選択性の評価 
第一項 ピリダジン-4(1H)-オン 3 位ヘテロ環の変換 
 ヒット化合物 1 のピラゾール環を，HBA を有する種々のヘテロ環へ変換した結果を Table 1 にま
とめる．ピラゾール環をトリアゾール環（11a）へ変換したところ，活性が大幅に減弱した．トリア
ゾール 4 位の窒素原子とピリダジン-4(1H)-オン 4 位のカルボニル酸素の電子的反発によるコンフォ
メーションの変化，あるいは相互作用に関与していない位置に極性を有するヘテロ原子を導入した
ことによる脱溶媒和ペナルティ 47)の増加が活性低下の原因だと推察している．イミダゾール環を導
入した化合物 11b は，化合物 1 に比べ，7 倍の活性減弱が認められた．これは HBA の塩基性および
電子密度の変化が影響したと考えている．フラン環（11c）およびピリジン環（11d）を導入した場
合も活性が大きく減弱したが，これらは HBA の向きが水素結合相互作用に好ましくない方向に向い
たためと考えている．以上の結果より，Tyr514 と水を介して相互作用する最も適した複素環 A とし
て，ピラゾール環を選出した． 
 














































aIC50 values are shown as the mean of duplicate experiments. 95% confidence intervals are given in 




第二項 ピリダジン-4(1H)-オン環 1 位ペンダントフェニル基オルト位の変換 
ピリダジン-4(1H)-オン 1 位のペンダントフェニル基のオルト位に置換基を導入した結果を Table 2





基が小さくなるに従い，活性の回復が確認され，o-フルオロ誘導体 14d と無置換体 14e が強力な
PDE10A 阻害活性を示すことが判明した．以上の構造活性相関から，嵩高い置換基導入によるねじ
れ誘起は活性の減弱をもたらすことが明らかになった．その理由を以下のように考察している．
Figure 8 に示すように，化合物 1 は密接に周辺残基に囲まれており，環 B が必要以上にねじれた場
合，オルト位の置換基もしくは環 B が，周囲のアミノ酸残基側鎖との立体反発を生じたためと考え
ている．なお，化合物 14d および 14e は，1 と同程度の活性を示すが，1 より高い PDE ファミリー
選択性を示している．これは，化合物 14d および 14e の他サブタイプに対する阻害活性がいずれも
10 μM 以上であったため，ファミリー選択性が向上していると考えている．化合物 14d は，化合物






















(µL/min/mg) IC50a (nM) selectivityb 
14a CF3 >10,000 ntd <1 
14b Me 940 (630–1,400) ntd 38 
14c Cl 120 (100–150) ntd 36 
14d F 33 (11–99) >300e <1 
14e H 18 (12–27) >560e 16 
aIC50 values are shown as the mean of duplicate experiments. 95% confidence intervals are given in 
parentheses. All values were rounded to two significant digits. bMinimum selectivity (rounded to two 
significant digits) over other PDEs. cMetabolic stability in human liver microsomes. dNot tested. eIC50 > 10 
µM for other PDEs. 
 
A                                       B 
 
Figure 8. Sphere view of 1 and protein surface of PDE10A in the X-ray crystal structure. (A) Front 
perspective view. (B) Left perspective view. 
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第三項 ピリダジン-4(1H)-オン 5 位へのアルコキシ基の導入 
 ピリダジン-4(1H)-オン 5 位にアルコキシ基を導入した結果を Table 3 に示す．第一節の Figure 7 に
おいて述べたように，パパベリンと PDE10A との結合様式を参考にした化合物デザインを行った．
即ち，Gln716 側鎖 NH とピリダジン-4(1H)-オン骨格との二座配位相互作用を目的に，ピリダジン
-4(1H)-オンの 5 位にアルコキシ基を導入した．その結果，メトキシ基を導入した化合物 20a は，化
合物 1 に比べて約 16 倍も PDE10A 阻害活性が向上した．対照的に，ヒドロキシ体 20b では劇的な活
性の減弱が認められた．これはピリダジン-4(1H)-オンの 5 位に導入したヒドロキシ基が，4 位カル



















IC50a (nM) selectivityb 
20a Me 1.4 (1.3–1.5) 180 
20b H >10,000 ntc 
20c CHF2 130 (85–200) 10 
20d Et 59 (43–81) 25 
20e iPr 820 (640–1,100) 0.60 
aIC50 values are shown as the mean of duplicate experiments. 95% confidence intervals are given in 
parentheses. All values were rounded to two significant digits. bMinimum selectivity (rounded to two 




第四項 X 線複合体結晶構造解析の考察 
化合物 20a と PDE10A との X 線複合体結晶構造を示す（Figure 9A）．Figure 4 で説明した化合物 1
と PDE10A との相互作用に加え，ピリダジン-4(1H)-オン 5 位に導入したメトキシ基は，Gln716 側鎖
NH と新たに相互作用をしており，5-メトキシピリダジン-4(1H)-オン部分は，期待した通り，Gln716
側鎖NHと二座配位相互作用を有することが明らかとなった．さらにメトキシ基はピリダジン-4(1H)-
オン 5 位周辺の空間を効率よく充填しており，このことも化合物 20a が非常に強力な PDE10A 阻害
活性を示す要因であると考えられる．また，化合物 1 と 20a の X 線複合体結晶構造を重ね合わせた
結果を Figure 9B に示す．ピリダジン-4(1H)-オン 5 位へのメトキシ基導入の前後で，母核であるピリ
ダジン-4(1H)-オン環の位置に違いがあることが判明した．これはメトキシ基を導入した場合に，
Gln716 側鎖 NH に対して，ピリダジン-4(1H)-オン 4 位カルボニル基と 5 位メトキシ基が，それぞれ
水素結合相互作用に好ましい距離に再配置された結果であると考えている．  
 
A                                            B 
 
Figure 9. (A) X-ray crystal structure of compound 20a in the PDE10A catalytic domain. The bidentate 
interaction between NH of the Gln716 side chain and the 5-methoxypyridazinone ring is highlighted with red 
dashed lines. Phe719 and Phe686 formed π–π stacking interactions with the pyridazinone ring but were 






以上の最適化研究で得られた結果を組み合わせて，化合物 21 をデザインし合成した（Figure 10）．
期待通り，化合物 21 は，PDE10A 阻害活性ならびに PDE ファミリー選択性に優れ，高い代謝安定性




発現細胞膜を用いた膜透過性試験の結果から算出された P-gp による排出比（efflux ratio, ER）48)を用
いて見積もることが出来る．上市されている中枢薬および非中枢薬で P-gp ER を比較した研究によ
ると，薬剤が脳に到達するためには，ER は 2.5 以下が理想的であるとされている 49)．化合物 21 は，












 = 12 nM
PDE selectivity: 780-fold
HLM: <1 µL/min/mg











 PDE10A 阻害活性および PDE ファミリー選択性に優れたリード化合物の創出を目的に，化合物 1
と PDE10A との X 線複合体結晶構造を基に最適化研究を行った．その結果，Tyr514 と水を介して相
互作用する最も好ましい置換基として，ピラゾール環を選出した．また，ピリダジン-4(1H)-オン環
の 1 位ペンダントフェニル基のオルト位の置換基としては，活性・選択性・代謝安定性に対して最
も良いバランスを示したフルオロ基を選択した．さらに，パパベリンと化合物 1 の X 線結晶構造の
重ね合わせにより，5-メトキシピリダジン-4(1H)-オン誘導体をデザインし，非常に PDE10A 阻害活
性の強い 20a を見出した．PDE10A と 20a の X 線複合体結晶構造解析の結果，5-メトキシピリダジ
ン-4(1H)-オン部位と Gln716 側鎖 NH との二座配位相互作用を確認し，ドラッグデザインの仮説を支
持する結果が得られた．これらの結果を基にして創出した化合物 21 は，優れた活性，選択性および





第二章 Tyr683 との相互作用を有するピリダジン-4(1H)-オン誘導体の創製 
 
第一節 Tyr683 と PDE10A 選択性ポケットについて 
 第一章の Figure 9 に述べた通り，Gln716 側鎖 NH と二座配位相互作用を有する特徴的な構造とし
て，5-メトキシピリダジン-4(1H)-オン誘導体を見出すことに成功した．化合物 20a の X 線結晶構造
解析の結果から，一連の 5-メトキシピリダジン-4(1H)-オン誘導体は，PDE10A 選択性ポケット 30,39)
と呼ばれる空間に存在する Tyr683 とは相互作用を有していないことが明らかになっている．なお，
この位置にチロシンを有するのは，PDE10A および PDE2A のみである．また，PDE10A 選択性ポケ
ットは PDE10A において特に深く，このポケットを充填することは，PDE10A 選択性の向上に繋が
ると考えられる 30,39)．さらに，基質結合部位である Gln716 に隣接した 715 番目の位置には，PDE10A
においてはアミノ酸の中で最も小さなグリシンが存在するのに対し（Figure 11），その他の PDE ファ
ミリーでは嵩高いアミノ酸残基が存在している 20)（例えば PDE2A ではロイシンが存在する）．従っ
て，PDE10A 以外のサブタイプでは，715 番目に存在するアミノ酸側鎖によって，上記チロシンへの
アクセスが制限される三次元構造になっている．そのため，阻害剤がこのポケットを充填し，積極
的に Tyr683 と相互作用をすることが出来れば，PDE10A 選択性の飛躍的な向上が期待される．  
本章では，リード化合物 21 の活性・選択性の更なる向上を目的に，ピリダジン-4(1H)-オンを基本




Figure 11. PDE10A selectivity pocket. 
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第二節 Tyr683 との相互作用獲得を指向したドラッグデザイン 
著者らはピリダジン-4(1H)-オン環を有したヒット化合物1と共に，異なる骨格を有した化合物2250)
を HTS で見出していた．化合物 22 は非常に強力な PDE10A 阻害活性を示すと同時に，優れた PDE
ファミリー選択性を示すことが明らかになっていた（Figure 12A，PDE10A IC50 = 0.46 nM，PDE ファ
ミリー選択性: >20,000 倍）．化合物 22 と PDE10Aとの X 線複合体結晶構造解析の結果， ピロロ[3,5-d]
ピリミジン環 3 位の窒素原子が Gln716 側鎖 NH と相互作用し，ベンズイミダゾール部位は Tyr683
側鎖 OH と水素結合相互作用をしており，上述の PDE10A 選択性ポケットを効率よく充填している
ことが明らかとなった（Figure 12B）． 
 
A                         B 
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PDE10A IC50















 化合物 20a と 22 の X 線複合体結晶構造の重ね合わせを基に，Tyr683 との相互作用を指向したピ
リダジン-4(1H)-オン誘導体のドラッグデザインを行った（Figure 13）．Tyr683 バインダーとして化合
物 22 のベンズイミダゾールに着目し，ピリダジン-4(1H)-オン骨格とリンカーを介して結合させるこ
とを計画した．また Gln716 との二座配位相互作用を維持するため，ピリダジン-4(1H)-オン環の 5 位
からリンカーを伸張させる合成デザインを立案した． 
 























Figure 13. (A) Design of novel pyridazin-4(1H)-one derivatives possessing a Tyr683-binding motif. (B) 





第三節 種々の 5-アルコキシピリダジン-4(1H)-オン誘導体の合成 
第一項 ベンゼン環のアルキル基への変換 
 前節 Figure 13 において，ベンズイミダゾール環を Tyr683 バインダーとして用いて，化合物 21 か
らリンカーを伸張させるデザインを立案したが，21 の分子構造をそのまま活用すると芳香環の数や
分子量の増加が懸念された．そのため，中枢薬に好ましい物性プロファイル 51,52)を保持するため，
リード化合物 21 の芳香環を予め 1 つ減らすことを計画した．化合物 21 は，ピリダジン-4(1H)-オン
1 位とピラゾール環 1 位に 2 つのベンゼン環を有するが，どちらのベンゼン環が活性発現により大き
く寄与しているかを調べるべく，それぞれのベンゼン環をメチル基で置換した化合物を合成するこ











Figure 14. Replacement of aromatic ring with alkyl substituent 
 
 化合物 29 は，市販のアニリン 23 を原料として Scheme 9 と類似の方法で合成した（Scheme 10）．
アニリン 23 をメチルケトン 28 へ導いた後，DMFDMA 中で加熱し，メチルヒドラジンと反応させる


















































28 29  
aReagents and conditions: (a) (1) NaNO2, HCl aq, 0 °C, (2) methyl 4-methoxy-3-oxobutanoate, NaOAc, 
MeOH, 0 °C, 83%; (b) DMFDMA, 90 °C, 95%; (c) NaOH aq, MeOH, rt, 98%; (d) 
N,O-dimethylhydroxylamine hydrochloride, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride, 
HOBt, TEA, DMA, rt, 84%; (e) MeMgBr, THF, −70 °C, 78%; (f) (1) DMFDMA, CH3CN, reflux, (2) 
methylhydrazine, TFA, EtOH, rt, 55% in 2 steps. 
 




原料として，1 位にアルキル基を有するピリダジン-4(1H)-オン誘導体 R を合成することを計画した
（Scheme 11）．また，合成経路の最終工程で効率よくアルキル化を行うため，ピリダジン-4(1H)-





































化合物 34a–d は，Scheme 11 で示した逆合成解析に基づき，市販の 3-クロロ-5-メトキシピリダジ
ン-4-オール（30）を原料として合成した（Scheme 12）．化合物 30 の 1 位窒素をベンジル基で保護し
た後，Suzuki-Miyaura カップリング 45)に付すことにより，化合物 32 を得た．ベンジル基の脱保護を































31 32 33 34a-d
d
 
aReagents and conditions: (a) NaH, n-Bu4NI, BnBr, DMF, rt, 53%; (b) 
1-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole, PdCl2[PtBu2(Ph-p-NMe2)]2, K2CO3, 
toluene, H2O, reflux, 78%; (c) Pd(OH)2/C, H2, THF, MeOH, rt, 81%; (d) alkylating agent (R4OSO2Me, R4Br, 
or R4OSO2CF3), base (NaH or Cs2CO3), DMF, rt, 1−66%. 
 
第二項 リンカーおよび Tyr683 バインダーの導入 
 ピリダジン-4(1H)-オン 5 位からリンカーを伸張させて，PDE10A 選択性ポケットの充填および
Tyr683 との相互作用を狙うに当たり，Tyr683 バインダーとしてベンズイミダゾール環の利用を計画
した（前節 Figure 13）が，実際の合成においては，中枢移行性を考慮して 51,52)，水素結合ドナー
（hydrogen-bond donor, HBD）である NH を予めメチル化した 1-メチルベンズイミダゾールを Tyr683
バインダーとして用いることにした．化合物 W は，フェノール体 Z をアルコール体 X との光延反
応 53)に付すことにより，もしくはクロロ体 Y と反応させることにより合成することを計画した












































化合物 36a–e は，Scheme 13 で示した逆合成解析に基づき，化合物 34c を原料として合成した
（Scheme 14）．化合物 34c の脱メチル化により得られた 35 を，光延反応およびアルキル化反応に付





















































aReagents and conditions: (a) chlorotrimethylsilane, NaI, CH3CN, reflux, 80%; (b) R2OH, di-tert-butyl 
azodicarboxylate or diethyl azodicarboxylate, triphenylphosphine, THF, toluene, rt, 46−73%; (c) R2Cl, 




第四節 PDE10A 阻害活性および PDE ファミリー選択性の評価 
第一項 ベンゼン環のアルキル基への変換 
 化合物 21 のベンゼン環をアルキル基へ変換した結果を Table 4 にまとめる．ピリダジン-4(1H)-オ
ン 1 位のベンゼン環をメチル基で置換した化合物 34a は，ピラゾール環 1 位のベンゼン環をメチル




果，メチル基（34a）と比較して PDE10A 阻害活性の向上が認められた．ピリダジン-4(1H)-オン環 1
位のベンゼン環周辺には，Leu625 と Met703 の側鎖に挟まれた脂溶性空間が存在しており，この空
間を効率的に占有するアルキル側鎖が，活性を維持させるためには重要であることが上記の結果か
ら示唆された．シクロプロピル基を導入した化合物 34b が最も優れた活性を示したが，シクロプロ
ピル誘導体の合成難易度（収率 1%, Scheme 12）を鑑み，シクロプロピルメチル基を選択し，さらな
る最適化研究を行った． 
 










compd R4 R5 PDE10A IC50a (nM) 
21 2-F-Ph Ph 12 (8.9–16) 
29 Ph Me 2,400 (1,600−3,400) 
34a Me Ph 1,000 (880−1,200) 
34b cyclopropyl Ph 130 (100−170) 
34c (cyclopropyl)methyl Ph 170 (130−210) 
34d 2,2,2-trifluoroethyl Ph 550 (380−790) 
aIC50 values are shown as the mean of duplicate experiments. 95% Confidence intervals are given in 




第二項 リンカーおよび Tyr683 バインダーの導入 
 リンカーおよび Tyr683 バインダーを最適化した結果を Table 5 に示す．1 炭素をリンカーとして挟
んだ化合物 36a は，弱いながらも活性を示した．リンカー長を 2 炭素に伸張した 36b では，劇的に
活性が向上した．リンカー長を 3 炭素にした場合（34c）に，最も強い PDE10A 阻害活性を示し，こ
れを境に 4 炭素を導入した 34d で活性の減弱が見られた．これらの結果から，5-ヒドロキシピリダ
ジン-4(1H)-オン部位とベンズイミダゾールを結ぶ最適なリンカー長は，3 原子であるということを
明らかにした．続いて，リンカー部分にヘテロ原子を導入を検討した．酸素を導入した 36e では 5
倍の活性減弱が見られた．一方，リンカー部分を閉環した化合物 36f では，化合物 36c に比べてわず
かに活性が向上した．以上の結果から，Tyr683 と相互作用するためのアンカーであるベンズイミダ

















































aIC50 values are shown as the mean of duplicate experiments. 95% Confidence intervals are given in 





 最も強力な PDE10A 阻害活性を示した化合物 36f の PDE ファミリー選択性試験の結果を示す




































selectivity >13,000-fold  
Figure 15. Inhibitory activities of compound 36f against human PDEs 
aIC50 values are shown as the mean of duplicate experiments. 95% Confidence intervals are given in 






第五節 X 線複合体結晶構造解析の考察 
 化合物 36f と PDE10A との X 線複合体結晶構造を示す（Figure 16）．化合物 1（Figure 4）および化
合物 20a（Figure 9）の X 線複合体結晶と同様に，ピリダジン-4(1H)-オン環は，Phe719 および Phe686
の側鎖フェニル基と，それぞれ face-to-face，edge-to-face の π–π stacking 相互作用を有することが確
認された．また，ピラゾール環と Tyr514 との水を介した相互作用も同様に確認できた．ピリダジン
-4(1H)-オン 5 位アルコキシ酸素の孤立電子対は，Gln716 側鎖 NH の方向を向いており，Gln716 との
二座配位相互作用を維持している．新たに導入したベンズイミダゾール部位は，PDE10A 選択性ポ
ケットを深く充填し，かつ Tyr683 と相互作用をしていることが明らかとなった．これらの相互作用










 PDE10A 阻害活性および PDE ファミリー選択性に優れた化合物の創出を目的に，PDE10A 選択性
ポケットを充填し，かつ Tyr683 との相互作用の獲得を計画した．結合様式の異なる２つの化合物 20a
および 22 の X 線結晶構造の重ね合わせを基に，Tyr683 バインダーであるベンズイミダゾール部位
を，リンカーを介して，5-ヒドロキシピリダジン-4(1H)-オン部位に結合させた化合物をデザインし
た．リンカーの長さおよび種類の最適化を行い，強力な PDE10A 阻害活性を示し，極めて PDE ファ
ミリー選択性の高い化合物 36f を見出すことに成功した．PDE10A と 36f との X 線複合体結晶構造解
析の結果， 36f は狙い通り Gln716 側鎖 NH との二座配位相互作用を保持したまま，PDE10A 選択性
ポケットを充填し，Tyr683 との相互作用を獲得していることも明らかとした．36f は優れた PDE10A
阻害活性およびファミリー選択性を示したが，種々の薬物動態プロファイルを総合的に考慮し，さ
らなる検討を中止した．本アプローチによって，臨床試験開発候補を見出すには至らなかったが，
本章での研究を通じて， PDE10A 選択性ポケットの充填および Tyr683 との相互作用の獲得が，選択







第三章 高活性・高選択性かつ良好な中枢移行性を示す PDE10A 阻害薬の創
製：臨床開発化合物 TAK-063 の創出 
 
第一節 PDE10A 阻害活性と良好な中枢移行性の両立 
 第一章において，ヒット化合物 1 と PDE10A との X 線複合体結晶構造を基にドラッグデザインを
行い，PDE10A 選択性の高いリード化合物として 5-メトキシピリダジン-4(1H)-オン誘導体 21 を見出
した経緯について述べた．第二章では，より活性・選択性に優れた化合物創出を目的に，第一章で
見出した 5-メトキシピリダジン-4(1H)-オン誘導体を基本骨格とし，PDE10A 選択性ポケット内の



















第一項 ピリダジン-4(1H)-オン 1 位ベンゼン環の 4 位への置換基導入 
 今まで行った構造変換，ならびに，得られた一連のピリダジン-4(1H)-オン誘導体と PDE10A との
X 線複合体結晶構造解析の結果，優れた PDE10A 阻害活性・選択性，および高い代謝安定性を示す



































R3 = CF3 OCF3
Cy
Cy = non-aromatic heterocycle
 





第二項 ペンダントフェニル基 4 位に置換基を有するピリダジン-4(1H)-オン誘導体の合成 
前項 Figure 17 でデザインしたピリダジン-4(1H)-オン誘導体 Aa を合成するルートを，逆合成解析


















































5-メトキシピリダジン-4(1H)-オン誘導体 43a–g は，Scheme 15 で示した逆合成解析に基づき，
Scheme 16 に記載した方法で合成することが出来た．鍵中間体 42 は，市販のアニリン 37a を原料と
して Scheme 9 と同様の方法により合成した．トリフルオロメチル誘導体 43a は，銅触媒を用いたフ
ルオロスルホニルジフルオロ酢酸 メチルとのカップリング反応により得た 60)．モルホリン誘導体
43c およびピロリジン誘導体 43e は，パラジウム触媒を用いた Buchwald-Hartwig 反応により得るこ
とが出来た 61)．3-オキソモルホリン-2-オン環（43d），1,3-オキサゾリジン-2-オン環（43f），およびピ














































































39a: R3 = I
39b: R3 = OCF3
40a: R3 = I
40b: R3
 = OCF3
41a: R3 = I
41b: R3 = OCF3




aReagents and conditions: (a) (1) NaNO2, HCl aq, 0 °C, (2) methyl 4-methoxy-3-oxobutanoate, NaOAc, 
EtOH, 0 °C, 58–94%; (b) DMFDMA, reflux, 59–90%; (c) N,O-dimethylhydroxylamine hydrochloride, AlMe3, 
DIPEA, CH2Cl2, 0 °C, 65–77%; (d) (1) NaOH aq, MeOH, rt, (2) N,O-dimethylhydroxylamine hydrochloride, 
WSC·HCl, HOBt·H2O, Et3N, DMF, rt, 81%; (e) MeMgBr, THF, −78 °C, 23–85%; (f) (1) DMFDMA, reflux, 
(2) phenylhydrazine, AcOH, reflux, 45–66%; (g) methyl 2,2-fluoro-2-(fluorosulfonyl)acetate, CuI, HMPA, 
DMF, 90 °C, 33%; (h) morpholine or pyrrolidine, Pd2(dba)3, Xantphos, NaOtBu, 1,4-dioxane, 90 °C, 49–
66%; (i) 3-morpholinone, pyrrolidin-2-one, or 1,3-oxazolidin-2-one, CuI, trans-1,2-diaminocyclohexane, 





第三項 溶媒側領域に置換基を有するピリダジン-4(1H)-オン誘導体の in vitro 活性 
 ピリダジン-4(1H)-オン 1 位に配置されたベンゼン環（環 B）の 4 位に置換基を導入した結果を Table 
5 に示す．トリフルオロメチル基（43a）およびトリフルオロメトキシ基（43b）を導入した場合，
両化合物共に PDE10A 阻害活性の向上が認められた．トリフルオロメトキシ体 43b は，無置換体 21
やトリフルオロメチル体 43a に比べて，優れた PDE ファミリー選択性を示し，嵩高い置換基を導入
することが活性および選択性に良好な結果を与えることが判明した．そこで，より嵩高いモルホリ
ン環を有する化合物 43c を合成したところ，劇的に PDE10A 阻害活性が向上し，それに伴い，PDE
ファミリー選択性も向上した．しかしながら，43c では，化合物 21, 43a および 43b に比べ，代謝安
定性が悪化した．43c における代謝安定性低下の原因は複数考えられる．一つは，モルホリンを導入
したことにより，環 B の電子密度が上昇し，環 B が酸化代謝を受けやすくなった可能性，もう一つ
はモルホリン環自体が酸化代謝を受けている可能性である．そこで，両可能性を回避できると考え
られるモルホリノン誘導体 43d を合成したところ，代謝安定性に改善が見られたが，PDE10A 阻害
活性は 10 倍低下し，P-gp による排出も大幅に増加した（ER = 7.4）．続いて，5 員飽和ヘテロ環で







一方，酸素原子数の増加に伴い，P-gp による排出は増加する傾向が認められた．化合物 43e, 43f, 43g
の 2 次元極性表面積（topological polar surface area, TPSA）63)はそれぞれ 65 Å2，82 Å2，91 Å2であり，
























IC50a (nM) selectivityb 
21 H 12 (8.9–16) 780 <1 62 0.7 
43a CF3 5.5 (3.6–8.5) 670 <1 62 0.5 






































4,600 <1 91 6.2 
aIC50 values are shown as the mean of duplicate experiments. 95% confidence intervals are given in 
parentheses. All values were rounded to two significant digits. bMinimum selectivity (rounded to two 
significant digits) over other PDEs. cMetabolic stability in human liver microsomes. dCalculated by Daylight. 





第四項 43g と PDE10A の X 線複合体結晶構造解析の考察 
化合物 43g と PDE10A との X 線複合体結晶構造を示す（Figure 18）．Figure 9A で示した化合物 20a
の X 線結晶構造と同様に，5-メトキシ-3-(1-フェニル-1H-ピラゾール-5-イル)ピリダジン-4(1H)-オン
部分は活性発現に非常に重要な相互作用をしていることが明らかとなった．オキサゾリジノン誘導
体 43g では，無置換体 21 に比べ，10 倍の PDE10A 阻害活性の向上が認められたが，これはピリダ




A                                           B 
 
Figure 18. X-ray crystal structures of compound 43g in the PDE10A catalytic domain. (A) Right perspective 
view. Leu625, Ala626, Phe629 and Met703 were omitted for simplicity. (B) Left perspective view. Phe686, 





第三節 高活性かつ中枢移行性を有する 2-オキシインドール誘導体の創出 
第一項 2-オキシインドール誘導体のデザイン 
 前節で見出した化合物 43g は優れた活性，選択性ならびに代謝安定性を有していたが，TPSA（91 
Å2）値が高く，P-gp による排出が認められた．そこで，43g の X 線結晶構造を基に，オキサゾリジ
ノン環構造を参考にして，新たに 2-オキシインドール誘導体をデザインした（Figure 19）． 
以下に，2-オキシインドール構造を着想したデザインの詳細を述べる． 
(i) 2-オキシインドールのカルボニル基は，環 B の電子密度の上昇を抑えることにより，環 B が酸化
的代謝を受ける可能性が低くなることを期待して導入した．また，このカルボニル基は，代謝安定
性向上に効果があった 43g におけるオキサゾリジノン環 1 位酸素原子をミミックすることも期待し
た．さらに 2-オキシインドール誘導体の TPSA は 82 Å2であることから，化合物 43g の特性を維持し
ながら，P-gp の排出を抑えられると考えた． 
(ii) 置換基 R6は，酸化代謝を受けやすいベンジル位を保護する役割りに加え，近傍に存在する Phe629
および Met703 との脂溶性相互作用を期待して導入することを計画した．不斉点を生じさせないため，
導入する置換基としては，対称な gem-メチル基およびスピロシクロブチル基をデザインした． 







(iI) Interactions with F629/M703
(i) Protection 














































 前項 Figure 19 にてデザインした 2-オキシインドール誘導体 Af を合成するルートを，逆合成解析
により設定した（Scheme 17）．置換基 R7は，最終工程において，中間体 Ag のアルキル化により導
















































































 2-オキシインドール誘導体 59a–e の出発原料であるアニリン 52a–e は，文献既知の反応 65)を参考
にして合成した（Scheme 18）．化合物 46 は，市販の 2,3-ジフルオロニトロベンゼン（44）に対する
マロン酸ジエチルの挿入，続くジエステル部分の脱炭酸により合成した．得られたカルボン酸 46 を
エステル化し，フェニル酢酸のα位をアルキル化することで化合物 48a および 48b を調製した．化
合物 48a および 48b のニトロ基を還元した結果，閉環反応も同時に進行し，化合物 49a および 49b を
























































49a: R6 = Me
49b: R6 = -(CH2)3
-
50a: R6 = Me
50b: R6 = -(CH2)3
-
51b: R6 = -(CH2)3-, R7
 = Me
51c: R6 = Me, R7
 = iPr
51d: R6 = Me, R7
 = cBu
51e: R6 = Me, R7
 = CH2
cPr
52a: R6 = Me, R7
 = H (from 50a)
52b: R6 = -(CH2)3-, R7
 = Me
52c: R6 = Me, R7
 = iPr
52d: R6 = Me, R7
 = cBu
52e: R6 = Me, R7
 = CH2
cPr  
aReagents and conditions: (a) diethyl malonate, K2CO3, DMF, 65 °C, 90%; (b) HCl aq, AcOH, reflux, 96%; 
(c) SOCl2, MeOH, rt, 100%; (d) iodomethane or 1,3-dibromopropane, NaH, DMF, rt, 33–76%; (e) zinc, 
AcOH, 100 °C, 93–98%; (f) fuming nitric acid, sulfuric acid, 40 °C, 66–77%; (g) iodomethane, 
2-bromopropane or (bromomethyl)cyclopropane as an alkyl halide, NaH or Cs2CO3 as a base, DMF, rt, 62–






Scheme 17 で示した逆合成解析に基づき，アニリン 52a を出発原料として，2-オキシインドール誘
導体の合成を開始した（Scheme 19）．概ね予定通り反応が進行したものの，化合物 53 を DMFDMA
中で加熱した際，ピリダジン-4(1H)-オン環の閉環反応に加え，2-オキシインドールが N-メチル化さ










































































aReagents and conditions: (a) (1) NaNO2, HCl aq, 0 °C, (2) methyl 4-methoxy-3-oxobutanoate, NaOAc, 
MeOH, 0 °C, 96%; (b) DMFDMA, reflux, 56%; (c) NaOH aq, MeOH, rt, 100%; (d) 
N,O-dimethylhydroxylamine hydrochloride, 1,1'-carbonyldiimidazole, DIPEA, THF, rt, 61%; (e) MeMgBr, 





 そこで，置換基 R7はニトロ体 Ap の段階で導入し，中間体 Ao を経由して，アニリン An を合成す
ることにした（Scheme 20）．しかしながら，種々の置換基 R7を有するアニリン An を用いて，Scheme 



























































 Scheme 20で示した逆合成解析に基づき，2-オキシインドール誘導体59b–eの合成を行った（Scheme 
21）．1-フェニルピラゾールと n-ブチルリチウムから発生させたアニオン種を 2-(メトキシメチル)
オキシランと反応させることにより，化合物 61 を得た．続く，Swern 酸化 67)により，鍵中間体 62
を合成した．これをアニリン 52b-e と反応させることで，ヒドラゾン 63b-e を経由し，効率よく 2-































59b: R6 = Me, R7
 = -(CH2)3
-
59c: R6 = iPr, R7 = Me
59d: R6 = cBu, R7
 = Me




63b: R6 = Me, R7
 = -(CH2)3
-
63c: R6 = iPr, R7 = Me
63d: R6 = cBu, R7
 = Me






aReagents and conditions: (a) (a) nBuLi, 2-(methoxymethyl)oxirane, THF, -78 °C, 51%; (b) DMSO, 
(CF3CO)2O, TEA, THF, -42 °C, 43%; (c) anilines 60b-e, NaNO2, HCl aq, NaOAc, MeOH, 0 °C; (d) 




第三項 2-オキシインドール誘導体の in vitro 活性 
 2-オキシインドール誘導体 59a–e の in vitro 活性を Table 6 にまとめる．2-オキシインドール誘導体
59a は，強力な PDE10A 阻害活性を示すとともに，非常に高い代謝安定性を示した．しかしながら，
同じ TPSA（82 Å2）にも関わらず，43f に比べて高い ER を示した．オキサゾリジノン環を 2-オキシ
インドール環に変換した結果，外側に露出したカルボニル基が P-gp の認識を受けているのではない
かと考え，カルボニル基周辺に嵩高い置換基を導入した．R6を gem-ジメチル基からスピロシクロブ
チル基へ変換した化合物 59b は，高い PDE10A 阻害活性と代謝安定性を保持したが，ER に改善は見
られなかった．一方，イソプロピル基（59c），シクロブチル基（59d），シクロプロピルメチル基（59e）
などの嵩高い置換基を R7に導入した結果，高い活性を保持しながら ER の改善が認められた．特に，
化合物 59e は，非常に強力な PDE10A 阻害活性（IC50 = 0.080 nM）と優れた PDE ファミリー選択性
（1,900 倍）を示した．さらに，非常に高い代謝安定性と，中枢薬として許容される ER の値（ER = 
1.4）を示した 47)．2-オキシインドール環の 1 位窒素原子上の置換基を嵩高くすることにより，ER が
改善されたことから，P-gp は 2-オキシインドールの 1 位側から 2 位カルボニル基を認識していたの
ではないかと推察される．以上のように，オキサゾリジノン誘導体 43g の X 線結晶構造を参考にし
て，新規の 2-オキシインドール誘導体を合成した結果，活性，選択性ならびに代謝安定性を維持し，



























59a Me Me 0.22 (0.17–0.28) <1 82 4.0 
59b -(CH2)3- Me 0.13 (0.12–0.15) 8 82 4.6 
59c Me iPr 0.11 (0.093–0.13) 64 82 1.9 
59d Me cBu 0.12 (0.11–0.14) 216 82 0.9 
59e Me CH2cPr 0.080 (0.046–0.14) <1 82 1.4 
aIC50 values are shown as the mean of duplicate experiments. 95% confidence intervals are given in 
parentheses. All values were rounded to two significant digits. bMetabolic stability in human liver 





第四項 2-オキシインドール誘導体 59e の X 線複合体結晶構造 
 化合物 59e と PDE10A との X 線複合体結晶構造を示す（Figure 20A）．2-オキシインドール部分は，
Phe629，Ala626 および Met703 に挟まれた空間を効率よく充填している．gem-ジメチル基は， Phe629
および Met703 の側鎖とそれぞれ 4.0 Å，4.4 Å の距離に位置しており，両者の間には脂溶性相互作用






A                                           B 
 
Figure 20. (A) X-ray crystal structure of 59e in the PDE10A catalytic domain. The hydrophobic interactions 
between Phe629, Met703 and Ala626 are highlighted with red dashed lines. The bidentate interactions with 
Gln716, the water-mediated interaction with Tyr514 and the π-π interactions with Phe719 and Phe686 were 
omitted for simplicity. (B) Overlaid crystal structures of compound 43g (white) and compound 59e (yellow) in 





第五項 2-オキシインドール誘導体 59e の薬物動態および in vivo 薬理作用 
 化合物 59e のマウス薬物動態試験の結果を示す（Table 7）．化合物 59e をマウスに 1 mg/kg 経口投
与した結果，良好な経口吸収性が確認され，血液脳関門（blood brain barrier, BBB）も透過して脳内
移行性を示すことが証明された．また，経口投与後 24 時間までの曲線下総面積値（AUC0-24h, po）を
基に算出した，脳内と血漿中とでの薬物濃度比 Kpbrainの値は 0.2 であった．脳内での平均滞留時間
（mean residence time, MRT）は約 6.6 時間と長く，持続的な作用発現が期待された．  
 
Table 7. Pharmacokinetic Parameters of Compound 59e in Micea 
 Plasma Brain 
Cmax (ng/mL or ng/g) 349 46 
Tmax (h) 0.50 1.0 
AUC0-24h,po (ng·h/mL or ng·h/g) 2819 558 
MRTb (h) 4.78 6.58 
Kpbrainc  0.20 





続いて，統合失調症陽性症状のモデルマウス 69,70)における in vivo薬効評価を実施した（Figure 21）．
フェンサイクリジン（PCP）を投与されたマウスは，統合失調症様症状を示すことが知られている．
マウスにおける化合物 59e 経口投与群（0.1, 0.3, 1.0, or 3.0 mg/kg）では，PCP により誘発された自発
運動量の亢進が，用量依存的に有意に抑制されることが確認された．またこの際の最低薬効用量は






Figure 21. Effect of compound 59e on PCP-induced hyperlocomotion in mice. PCP (5 mg/kg, s.c.) was 
administered subcutaneously 60 min after oral administration of compound 59e to ICR mice. Accumulated 
activity counts during the 120 min following PCP treatment were calculated and are indicated as the mean ± 







第四節 臨床開発化合物 43i （TAK-063）の創出 
第一項 溶媒側領域への 5 員芳香族複素環の導入 
 化合物 59e は，統合失調症陽性症状のモデルマウスにおいて十分な薬効を示したが，中枢移行性
および PDE ファミリー選択性の更なる向上を目指し，今まで行っていなかった芳香族複素環の導入
を検討した．Table 5 および Table 6 で示したこれまでの結果から，P-gp の影響を回避し，良好な中
枢移行性を担保するためには，TPSA が 80 Å2以下であることが好ましいと考えられる．また，Table 
5 の結果から，6 員環よりも 5 員環を有する化合物の方が強い活性を示したことから，5 員芳香族複
素環に着目した．様々な 5 員芳香族複素環を有するピリダジン-4(1H)-オン誘導体の TPSA を計算し
た結果を Figure 22 に示す．これらの中で，ピロール-1-イル基，イミダゾール-1-イル基ならびにピラ
ゾール-1-イル基を有する化合物が，TPSA が 80 Å2以下を示すことが判明した．ピロール誘導体の



















































第二項 溶媒側領域に 5 員芳香族複素環を有する化合物の合成 
 前項でデザインした化合物は，Scheme 16 で合成したヨード体 42 を用いて，Scheme 22 に記載し
た方法で合成した．イミダゾール誘導体 43h は，化合物 42 に対し Ullmann タイプのカップリング反

























aReagents and conditions: (a) imidazole, CuI, trans-1,2-diaminocyclohexane, K3PO4, 1,4-dioxane, reflux, 8%; 





Table 2 の実験結果から，ピリダジン-4(1H)-オン 1 位に配置したベンゼン環の 2 位の置換基（R1）
として，フルオロ体よりも無置換体（R1 = H）が活性ならびに選択性に優れていたため，ピラゾール
誘導体に関しては，フッ素の無置換体 71 も合成することにした（Scheme 24）．化合物 71 を合成す
るルートを逆合成解析により設定した（Scheme 23）．Scheme 16 において，アセチル体 Af は，Weinreb
アミド体 Ag をメチルマグネシウムブロミドと反応させることにより合成していた．しかし，この

































































 化合物 71 は，Scheme 23 で示した逆合成解析に基づき，市販の 4-ヨードアニリン（64）から Scheme 
24 に従い合成した．カルボン酸 67 をメルドラム酸と縮合させることにより，化合物 68 を得た．続
いて，化合物 68 を酢酸・水混合溶媒中で加熱撹拌することにより，アセチル体 69 を合成すること
が出来た．収率面では，Scheme 16 の方法と比べて大幅な改善は認められなかったが，分離が難しい
副生成物の生成がなかったため，精製面において意義が大きいと考えられる．得られた 69 を，Scheme 































































aReagents and conditions: (a) (1) NaNO2, HCl aq, 0 °C, (2) methyl 4-methoxy-3-oxobutanoate, NaOAc, 
EtOH, 0 °C, 78%; (b) DMFDMA, CH3CN, reflux, 70%; (c) NaOH aq, MeOH, rt, 97%; (d) Meldrum’s acid, 
WSC·HCl, DMAP, DMF, rt; (e) AcOH, water, reflux, 37% in 2 steps; (f) (1) DMFDMA, CH3CN, reflux, (2) 





第三項 PDE10A 阻害活性および PDE ファミリー選択性の評価 
前項で合成したイミダゾール誘導体 43h，ピラゾール誘導体 43i および 71 の in vitro 活性を Table 8
に示す．期待したとおり，イミダゾール誘導体 43h およびピラゾール誘導体 43i は，強力な PDE10A
阻害活性を示すと同時に，優れた代謝安定性を示すことが判明した．一方，43h および 43i は，同じ
TPSA 値（80 Å2）を有するにも関わらず，ER の値はそれぞれ 7.0 および 0.7 と大きく乖離した．こ
れはイミダゾール誘導体 43h において，イミダゾール 3 位窒素原子が外側に露出されており，また
塩基性を有しているため，P-gp の基質として認識されやすかったためではないかと推察している 56)．
Table 2 の実験結果から，ピリダジン-4(1H)-オン 1 位に配置したベンゼン環の 2 位の置換基（R1）と
して，フルオロ体よりも無置換体（R1 = H）が活性ならびに選択性に優れていたため，ピラゾール体
71 を合成した．その結果，PDE10A 阻害活性は向上したものの，代謝安定性が低下する結果となっ
た．ピラゾール誘導体 43i は，強力な PDE10A 阻害活性と非常に優れた PDE ファミリー選択性（Figure 
23）ならびに代謝安定性を有することが明らかになった．さらに MDS Pharma Services（現 Ricerca 
Biosciences）で実施したオフターゲットスクリーニングにおいて，既存の抗精神病薬で副作用の原因


















































15,000 151 80 1.5 
aIC50 values are shown as the mean of duplicate experiments. 95% confidence intervals are given in 
parentheses. All values were rounded to two significant digits. bMinimum selectivity (rounded to two 
significant digits) over other PDEs. cMetabolic stability in human liver microsomes. dCalculated by Daylight. 









































Figure 23. Inhibitory activities of compound 43i against human PDEs 
aIC50 values are shown as the mean of duplicate experiments. 95% Confidence intervals are given in 





第四項 化合物 43i の X 線複合体結晶構造解析の考察 
化合物 43i と PDE10A との X 線複合体結晶構造を示す（Figure 24）．Figure 18 で示した化合物 43g
の X 線結晶構造と同様に，5-メトキシピリダジン-4(1H)-オン部分は，Gln716 側鎖 NH と二座配位相
互作用を有し，ピリダジン-4(1H)-オン 3 位ピラゾール環の N2 窒素原子は水を介して Tyr514 との水
素結合ネットワークを形成している．ピリダジン-4(1H)-オン 1 位の 2-フルオロ-4-(1H-ピラゾール-1-
イル)フェニル基は，Met703，Leu625 および Ala626 で囲まれた脂溶性空間を効率よく充填しており，
さらにピラゾール環 N2 窒素原子は近接する水分子と水素結合を形成していることが明らかとなっ
た．SBDD を駆使した合成戦略により，これまでに報告された PDE10A 阻害剤とは全く異なるユニ
ークな結合様式を示し，強力かつ非常に選択性に優れた PDE10A 阻害薬 43i を見出すことに成功し
た． 




Figure 24. X-ray crystal structure of compound 43i in the PDE10A catalytic domain. Phe719 and Phe686 





第五節 化合物 43i の薬物動態および in vivo 薬理評価 
 化合物 43i のマウス薬物動態試験の結果を示す（Table 9）．化合物 43i をマウスに 0.3 mg/kg 経口投
与した結果，化合物 59e を 1 mg/kg 経口投与した場合に比べて（Table 7），より高い脳内濃度を確認
することが出来た．脳内と血漿中とでの薬物濃度比 Kpbrainの値も，1.64 であり，中枢移行性に優れ
ていることが明らかとなった．MRT も約 7 時間と長く，持続的な作用発現が期待された． 
 
Table 9. Pharmacokinetic Parameters of Compound 43i in Micea 
 Plasma Brain 
Cmax (ng/mL or ng/g) 104 97 
Tmax (h) 1.00 2.00 
AUC0-24h,po (ng·h/mL or ng·h/g) 650 1066 
MRTb (h) 4.64 7.21 
Kpbrainc  1.64 





 また，化合物 43i を 0.3 mg/kg 経口投与した場合，PDE10A が主に発現している線条体において， 
cAMP および cGMP の脳内濃度が，それぞれ 1.3 倍および 2.1 倍上昇した（Figure 25）．この結果は，
線条体において，43i が PDE10A を阻害したことにより，PDE10A の基質である cAMP および cGMP
の分解が抑制されたことを裏付けている． 
 
     A                                     B 
 
Figure 25. Elevation of mouse striatal cAMP (A) and cGMP (B) levels 60 min after oral administration of 
compound 43i at 0.3 mg/kg to ICR mice. Data are presented as the mean ± S.E.M. (n = 12); *p ≤ 0.05, **p ≤ 





続いて，統合失調症陽性症状のモデルマウス 65,66)を用いて in vivo 薬効評価を行った（Figure 26）．
化合物 43i は経口投与において，PCP により誘発された自発運動量の亢進を 0.3 mg/kg から有意に抑
制した．また，化合物 43i を PDE10A ノックアウトマウス (KO mouse)に投与した際，自発運動量の
低下を示さなかったことから，Figure 25A における作用は，43i が PDE10A を阻害した結果であるこ
とが示唆された． 
  
    A                                     B 
      
Figure 26. Effects of compound 43i on PCP-induced hyperlocomotion in mice. PCP (5 mg/kg as a salt) was 
administered subcutaneously 60 min after oral treatment of C57BL/6 (A) or PDE10A-KO mice (B) with 
compound 43i. Accumulated activity counts over 120 min after PCP treatment were recorded and are 
presented as the mean ± S.E.M. (n = 3–5/group); **p ≤ 0.01 vs. control; Aspin–Welch test; #p ≤ 0.025 vs. 





第六節 化合物 43i と既存抗精神病薬との比較試験 
 次に，既存の定型抗精神病薬（ハロペリドール）および非定型抗精神病薬（オランザピン，アリ
ピプラゾール）と化合物 43i の抗精神病作用を比較すると共に，副作用の発現強度をラットを用いて






化合物 43i は， MK-801 誘発自発運動量の亢進を 0.1 mg/kg から有意に抑制し，既存の抗精神病薬
に比べて，より優れた抗精神病様作用を示した．また，43i は 3 mg/kg まで血漿中プロラクチン濃度
およびグルコース濃度に影響を与えなかった．臨床での錐体外路症状の指標であるカタレプシーに
関しては，既存の抗精神病薬では，MK-801 誘発自発運動量亢進抑制作用を示す用量よりも低い用量
において，カタレプシー反応が確認された．一方，化合物 43i は，3 mg/kg 投与群において，わずか
なカタレプシー反応を示したが，抗精神病様作用を示した用量より高い用量であり，臨床試験にお
いて薬効と副作用の乖離が十分に可能であると考えている． 
以上の in vitro および in vivo 試験の結果より，化合物 43i は，強力かつ選択的な PDE10A 阻害作用
を有し，既存薬の副作用を大幅に改善した統合失調症治療薬になりうると考えている．化合物 43i
を TAK-063 と命名し，臨床開発化合物に選択した． 
 





MK-801 Hyperlocomotiona,b Plasma Prolactina,c Plasma Glucosea,d Cataleptic Responsea,e
    








No effect (up to 3)
No effect (up to 3)
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aData are expressed as miligrams per kilogram p.o. bDoses required to significantly suppress MK-801–
induced hyperlocomotion (versus vehicle). cDoses required to significantly upregulate plasma prolactin levels 
(versus vehicle). dDoses required to significantly upregulate plasma glucose levels (versus vehicle). eDoses 




 高い PDE10A 阻害活性および選択性を維持し，優れた中枢移行性を示す化合物の創出を目的に，
ピリダジン-4(1H)-オン 1 位ベンゼン環（環 B）の 4 位の修飾を試みた．嵩高い置換基を導入した結
果，PDE10A 阻害活性が劇的に向上し，PDE 選択性も大幅に向上することが判明した．また X 線複















 筆者は，既存の統合失調症治療薬とは全く異なる新規作用機序を有する PDE10A 阻害薬の創出を
目的に本研究を行なった . その結果 , ピリダジン -4(1H)-オン環を基本骨格とした化合物 43i





1. ピリダジン-4(1H)-オンの 5 位にメトキシ基を導入した結果，PDE10A 阻害活性を向上させるこ
とに成功した．また，X 線複合体結晶構造解析の結果，5-メトキシピリダジン-4(1H)-オン部位は，
Phe719 および Phe686 の側鎖フェニル基と π–π stacking 相互作用を有すると共に，全ての PDE に




2. PDE10A 選択性ポケットの充填および Tyr683 との相互作用獲得に，ベンズイミダゾール環が有
効であり，5-ヒドロキシピリダジン-4(1H)-オン部位とベンズイミダゾールを結ぶ最適なリンカー
長は，3 原子であるということを明らかとした．中でも化合物 36f は，非常に強力な PDE10A 阻
害活性を示し，PDE10A 以外のファミリーに対して極めて高い選択性を示した．X 線複合体結晶
構造解析の結果，36f は Gln716 との二座配位相互作用を維持し，PDE10A 選択性ポケットを深
く充填しながら，Tyr683 と相互作用をしていることを確認することが出来た．選択的 PDE10A
阻害薬の獲得に， PDE10A 選択性ポケットの充填および Tyr683 との相互作用が有効な戦略の一
つであることを例示することが出来た． 
 
3. ピリダジン-4(1H)-オン 1 位のベンゼン環 4 位に嵩高い置換基を導入した結果，PDE10A 阻害活
性および PDE 選択性が劇的に向上することを明らかにした．X 線複合体結晶構造解析の結果，
ピリダジン-4(1H)-オン 1 位のベンゼン環およびこのベンゼン環 4 位の置換基は，Met703，Leu625






したピリダジン-4(1H)-オン誘導体 43i を創出することに成功した． 
 
4. 化合物 43i は，マウスの脳の線条体において cAMP および cGMP 濃度を 0.3 mg/kg の経口投与で
有意に上昇させ，同用量で，薬効モデルマウスにおいて，抗精神病様作用を示した．化合物 43i
は，PDE10A KO マウスにおいて抗精神病様作用を示さなかったことから，線条体での cAMP お
よび cGMP 濃度の上昇，ならびに，抗精神病様作用は PDE10A 阻害によるものであると推測さ
れる． 
 
5. 化合物 43i は，ラットを用いた in vivo 薬効試験において，MK-801 誘発自発運動量の亢進を 0.1 















All commercially available solvents and reagents were used without further purification. Yields were not 
optimized. Melting points were determined on a Büchi melting point apparatus B-545 or an OptiMelt melting 
point apparatus MPA100 and were not corrected. 1H NMR spectra were recorded on Varian Mercury-300 (300 
MHz) or Bruker DPX300 (300 MHz) instruments. 13C NMR spectra were recorded on Bruker DPX300 (75 
MHz) instruments Chemical shifts are reported as δ values (ppm) downfield from internal tetramethylsilane 
(TMS) of the indicated organic solution. Peak multiplicities are expressed as follows: s, singlet; d, doublet; t, 
triplet; q, quartet; dd, doublet of doublets; td, triplet of doublets; ddd, doublet of doublet of doublets; quin, 
quintet; brs, broad singlet; m, multiplet. Coupling constants (J values) are given in hertz (Hz). LC-MS was 
performed on a Waters liquid chromatography-mass spectrometer system, using a CAPCELL PAK UG-120 
ODS column (2.0 mm i.d. × 50 mm, Shiseido Co., Ltd.) with a 5–95% gradient of acetonitrile in water 
containing 0.04% TFA and an HP-1100 (Agilent Technologies) apparatus for monitoring at 220 nm. Elemental 
analyses were carried out by Takeda Analytical Laboratories and Sumika Chemical Analysis Service, Ltd., and 
the results were within 0.4% of theoretical values. All of the final products undergoing biological testing were 
>95% pure as demonstrated by analysis carried out using analytical high-performance liquid chromatography 
(HPLC). The HPLC analyses were performed using a Shimadzu ultra-fast liquid chromatography (UFLC) 
instrument, equipped with an L-column 2 ODS (3.0 × 50 mm, 2 μm), eluting with a gradient of 5–90% solvent 
B in solvent A (solvent A was 0.1% TFA in water, and solvent B was 0.1% TFA in acetonitrile), at a flow rate 
of 1.2 mL/min, with UV detection at 220 nm. Reaction progress was determined by thin-layer 
chromatography (TLC) analysis on Merck Kieselgel 60 F254 plates or Fuji Silysia NH plates. Column 
chromatography was performed using silica gel (Merck Kieselgel 60, 70–230 mesh), basic silica gel 
(Chromatorex NH-DM 1020, 100-200 mesh, Fuji Silysia Chemical, Ltd.), or Purif-Pack (SI ϕ 60 μM or NH ϕ 
60 μM, Fuji Silysia Chemical, Ltd.). Preparative HPLC purification was performed by using a Waters 
Corporation UV purification system equipped with a Develosil ODS-UG-10 (4.6 × 150 mm, 5 μm) column, 
and eluted with a gradient of 5–90% solvent B in solvent A (solvent A was 0.1% TFA in water, and solvent B 






Methyl 3-oxo-2-{[3-(trifluoromethyl)phenyl]hydrazono}butanoate (3). A solution of NaNO2 (8.33 g, 121 
mmol) in water (20 mL) was added at 0 °C to a slurry of 2 (16.1 g, 100 mmol) in 6 M HCl aq (100 mL). The 
pale yellow solution was poured into a suspension of methyl acetoacetate (11.6 g, 100 mmol) and NaOAc 
(150 g) in EtOH (170 mL) pre-cooled at 0 °C. The resulting orange slurry was stirred for 10 min. The 
precipitate was collected by filtration and washed with water (500 mL). The crude material was dissolved in 
EtOAc (250 mL). The solution was dried over MgSO4 and concentrated under reduced pressure to give 3 (a 
mixture of E/Z-isomers, 20.0 g, 69%) as a light yellow solid. Major isomer: 1H NMR (CDCl3) δ 2.62 (3H, s), 
3.90 (3H, s), 7.37–7.45 (1H, m), 7.46–7.54 (1H, m), 7.58 (1H, s), 7.67 (1H, s), 14.76 (1H, brs). Minor isomer: 
1H NMR (CDCl3) δ 2.52 (3H, s), 3.93 (3H, s), 7.37–7.45 (1H, m), 7.46–7.54 (2H, m), 7.56 (1H, s), 12.81 (1H, 
brs). 
 
Methyl 4-oxo-1-[3-(trifluoromethyl)phenyl]-1,4-dihydropyridazine-3-carboxylate (4). A solution of 3 
(15.2 g, 52.7 mmol) in DMFDMA (150 mL) was refluxed for 2 h. The mixture was cooled to room 
temperature and then on an ice-water bath. The precipitate was collected by filtration to give 4 (13.7 g, 87%) 
as a pale yellow solid. 1H NMR (CDCl3) δ 4.00 (3H, s), 6.80 (1H, d, J = 8.1 Hz), 7.61–7.76 (2H, m), 7.76–
7.91 (2H, m), 8.28 (1H, d, J = 8.1 Hz). 
 
4-Oxo-1-[3-(trifluoromethyl)phenyl]-1,4-dihydropyridazine-3-carboxamide (5). A mixture of 4 (1.01 g, 
3.38 mmol) and 7 M NH3 in MeOH (12 mL) was heated at 100 °C for 5 min under microwave irradiation. 
The mixture was concentrated under reduced pressure, and the residue was recrystallized from EtOAc to give 
5 (0.613 g, 64%) as a white solid. 1H NMR (CDCl3) δ 6.46 (1H, brs), 6.94 (1H, d, J = 7.8 Hz), 7.59–7.80 (2H, 
m), 7.84–8.01 (2H, m), 8.38 (1H, d, J = 7.8 Hz), 9.68 (1H, brs). 
 
N-[(Dimethylamino)methylene]-4-oxo-1-[3-(trifluoromethyl)phenyl]-1,4-dihydropyridazine-3-carboxam
ide (6). A slurry of 5 (540 mg, 1.91 mmol) in DMFDMA (10 mL) was heated at 130 °C for 15 min under 
microwave irradiation. The mixture was cooled on an ice-water bath, and the precipitate was collected by 
filtration and washed with hexane to give 6 (491 mg, 76%) as an off-white solid. 1H NMR (CDCl3) δ 3.16 (3H, 
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s), 3.22 (3H, s), 6.72 (1H, d, J = 8.1 Hz), 7.57–7.71 (2H, m), 7.74–7.85 (1H, m), 7.89 (1H, s), 8.25 (1H, d, J = 
8.1 Hz), 8.70 (1H, s). 
 
4-Oxo-1-[3-(trifluoromethyl)phenyl]-1,4-dihydropyridazine-3-carboxylic acid (7). To a suspension of 4 
(10.0 g, 33.5 mmol) in MeOH (150 mL) was added 1 M NaOH aq (50 mL) at 0 °C. The mixture was stirred at 
room temperature for 30 min. To the suspension was added 1 M HCl aq (50 mL) at 0 °C, and the mixture was 
concentrated under reduced pressure. The residue was collected by filtration, washed with water, and dried 
under reduced pressure at 50 °C to give 7 (9.25 g, 97%) as a pale yellow solid. 1H NMR (DMSO-d6) δ 7.02 
(1H, d, J = 7.7 Hz), 7.81–7.96 (2H, m), 8.06–8.21 (2H, m), 9.16 (1H, d, J = 7.7 Hz). 
 
3-Amino-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (8). A suspension of 7 (5.00 g, 17.6 mmol), 
DPPA (5.67 mL, 26.4 mmol), and Et3N (3.65 mL, 26.4 mmol) in toluene (35 mL) was stirred at 100 °C for 2 h. 
After cooling to 0 °C, 8 M NaOH aq (22 mL) was added, and the mixture was stirred at room temperature for 
2 h. The mixture was diluted with brine and extracted with EtOAc. The organic layer was dried over Na2SO4 
and concentrated under reduced pressure. The residue was suspended in EtOAc/IPE and filtered. The filtrate 
was concentrated under reduced pressure. The residue was purified by column chromatography (basic silica 
gel, 50:50 hexane/EtOAc to EtOAc) to give 8 (2.50 g, 56%) as a pale yellow solid. 1H NMR (DMSO-d6) δ 
6.17 (1H, d, J = 7.5 Hz), 6.52 (2H, brs), 7.67–7.81 (2H, m), 8.04 (1H, d, J = 7.5 Hz), 8.10 (1H, s), 8.75 (1H, d, 
J = 7.5 Hz). 
 
3-Bromo-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (9). To a mixture of isoamyl nitrite (2.44 mL, 
18.3 mmol) and CuBr2 (1.89 g, 8.46 mmol) in DMF (18 mL) was added dropwise a solution of 8 (1.80 g, 7.05 
mmol) in DMF (7.2 mL) at 0 °C. The mixture was stirred at 0 °C for 1 h and at 60 °C for 3 h. The mixture was 
diluted with brine and extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4, 
and concentrated under reduced pressure. The residue was purified by column chromatography (silica gel, 
50:50 hexane/EtOAc to EtOAc) followed by trituration with hexane to give 9 (1.85 g, 82%) as a white solid. 
1H NMR (DMSO-d6) δ 6.64 (1H, d, J = 7.7 Hz), 7.78–7.87 (2H, m), 8.01–8.07 (1H, m), 8.08 (1H, s), 9.00 




3-(2-Chloropyridin-3-yl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (10). A mixture of 9 (300 mg, 
0.94 mmol), (2-chloropyridin-3-yl)boronic acid (162 mg, 1.03 mmol), Pd(PPh3)4 (54.3 mg, 0.047 mmol), 
Na2CO3 (85.4 mg, 0.806 mmol), DME (3.6 mL), and water (1.1 mL) was stirred at 80 °C for 16 h and at 
100 °C for 7 h under Ar atmosphere. The mixture was diluted with water and extracted with EtOAc. The 
organic layer was washed with saturated NaHCO3 aq, dried over Na2SO4, and concentrated under reduced 
pressure. The residue was purified by column chromatography (basic silica gel, 80:20 hexane/EtOAc to 
EtOAc) followed by crystallization from EtOAc/hexane to give 10 (88.2 mg, 27%) as a white solid. 1H NMR 
(DMSO-d6) δ 6.74 (1H, d, J = 8.0 Hz), 7.59 (1H, dd, J = 7.6, 4.9 Hz), 7.79–7.87 (2H, m), 8.05–8.19 (3H, m), 
8.54 (1H, dd, J = 4.9, 1.9 Hz), 9.05 (1H, d, J = 8.0 Hz). 
 
3-(1-Phenyl-1H-1,2,4-triazol-5-yl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (11a). A solution of 
6 (119 mg, 0.35 mmol) and phenylhydrazine (0.070 mL, 0.71 mmol) in AcOH (5 mL) was heated at 120 °C 
for 10 min under microwave irradiation. The mixture was cooled to room temperature. The crude product was 
purified by column chromatography (silica gel, 85:15 EtOAc/MeOH) followed by recrystallization from 
EtOAc/hexane to give 11a (126 mg, 94%) as an off-white solid. Mp 174–176 °C. 1H NMR (CDCl3) δ 6.75 
(1H, d, J = 8.1 Hz), 7.42–7.49 (5H, m), 7.50–7.54 (2H, m), 7.57–7.63 (1H, m), 7.66 (1H, d, J = 7.5 Hz), 8.23–
8.25 (2H, m). LC-MS (ESI) m/z 384 [M + H]+. Anal. Calcd for C19H12F3N5O: C, 59.53; H, 3.15; N, 18.27. 
Found: C, 59.50; H, 3.20; N, 18.11. 
 
3-(2-Phenyl-1H-imidazol-1-yl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (11b). A solution of 8 
(200 mg, 0.783 mmol) and 40% glyoxal aq (0.0895 mL, 0.783 mmol) in MeOH (2 mL) was stirred at room 
temperature for 20 h. To the solution were added benzaldehyde (0.159 mL, 1.57 mmol) and NH4Cl (84.0 mg, 
1.57 mmol), and the mixture was refluxed for 90 min. To the mixture was added H3PO4 (0.106 mL, 1.98 
mmol), and the mixture was refluxed for 24 h. The mixture was diluted with water and extracted with EtOAc. 
The organic layer was washed with saturated NaHCO3 aq, dried over Na2SO4, and concentrated under 
reduced pressure. The residue was purified by column chromatography (silica gel, 50:50 hexane/EtOAc to 
EtOAc, and then basic silica gel, 50:50 hexane/EtOAc to EtOAc) followed by recrystallization from 
EtOAc/heptane to give 11b (9.3 mg, 3%) as a white solid. Mp 204–205 °C. 1H NMR (DMSO-d6) δ 6.82 (1H, 
d, J = 8.0 Hz), 7.20 (1H, d, J = 1.6 Hz), 7.33–7.41 (3H, m), 7.44–7.50 (2H, m), 7.62 (1H, s), 7.64–7.81 (4H, 
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m), 9.06 (1H, d, J = 8.0 Hz). LC-MS (APCI) m/z 383 [M + H]+. Anal. Calcd for C20H13F3N4O: C, 62.83; H, 
3.43; N, 14.65. Found: C, 62.50; H, 3.64; N, 14.56. 
 
3-(2-Phenyl-3-furyl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (11c). A mixture of 9 (300 mg, 
0.94 mmol), (2-phenyl-3-furyl)boronic acid (265 mg, 1.41 mmol), Pd(PPh3)4 (54.3 mg, 0.047 mmol), 
Na2CO3 (299 mg, 2.82 mmol), DME (3.6 mL), and water (1.1 mL) was stirred at 80 °C for 4 h under Ar 
atmosphere. The mixture was diluted with water and extracted with EtOAc. The organic layer was washed 
with saturated NaHCO3 aq, dried over Na2SO4, and concentrated under reduced pressure. The residue was 
purified by column chromatography (basic silica gel, 80:20 hexane/EtOAc to EtOAc) followed by 
recrystallization from EtOAc/heptane to give 11c (23.9 mg, 7%) as a pale yellow solid. Mp 159–163 °C. 1H 
NMR (DMSO-d6) δ 6.63 (1H, d, J = 8.0 Hz), 6.99 (1H, d, J = 1.9 Hz), 7.32–7.43 (3H, m), 7.54–7.60 (2H, m), 
7.69–7.76 (2H, m), 7.78–7.82 (1H, m), 7.85 (1H, d, J = 1.9 Hz), 7.85–7.92 (1H, m), 8.96 (1H, d, J = 8.0 Hz). 
LC-MS (APCI) m/z 383 [M + H]+. Anal. Calcd for C21H13F3N2O2·0.3H2O: C, 65.05; H, 3.54; N, 7.22. 
Found: C, 65.20; H, 3.63; N, 7.29. 
 
3-(2-Phenylpyridin-3-yl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (11d). A mixture of 10 (74.5 
mg, 0.212 mmol), phenylboronic acid (31.0 mg, 0.254 mmol), Pd(PPh3)4 (12.2 mg, 0.0106 mmol), Na2CO3 
(33.7 mg, 0.318 mmol), DME (2.1 mL), and water (0.7 mL) was stirred at 80 °C for 40 h under Ar atmosphere. 
The mixture was diluted with saturated NaHCO3 aq and extracted with EtOAc. The organic layer was dried 
over Na2SO4 and concentrated under reduced pressure. The residue was purified by preparative HPLC 
followed by recrystallization from EtOAc/heptane to give 11d (29.7 mg, 36%) as a white solid. Mp 192–
194 °C. 1H NMR (DMSO-d6) δ 6.58 (1H, d, J = 8.0 Hz), 7.29–7.43 (5H, m), 7.51 (1H, dd, J = 7.8, 4.8 Hz), 
7.55 (1H, s), 7.68–7.78 (3H, m), 8.06 (1H, dd, J = 7.8, 1.8 Hz), 8.75 (1H, dd, J = 4.7, 1.6 Hz), 8.91 (1H, d, J 
= 8.0 Hz). LC-MS (APCI) m/z 394 [M + H]+. Anal. Calcd for C22H14F3N3O·0.4H2O: C, 66.00; H, 3.72; N, 
10.49. Found: C, 66.06; H, 3.69; N, 10.47. 
 
3-{[2-(Trifluoromethyl)phenyl]hydrazono}pentane-2,4-dione (13a). A solution of NaNO2 (0.563 g, 8.16 
mmol) in water (4 mL) was added dropwise at 0 °C to a mixture of 12a (1.09 g, 6.80 mmol), concentrated 
HCl aq (5 mL), and water (5 mL). After stirring at 0 °C for 1 h, the resulting aqueous solution was added 
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dropwise to a mixture of acetylacetone (0.748 g, 7.48 mmol), NaOAc (1.67 g, 20.4 mmol), EtOH (10 mL), 
and water (6 mL). The mixture was stirred at room temperature overnight. The precipitate was collected by 
filtration, washed successively with water, EtOH/water (1/1), and hexane, and dried to give 13a (0.634 g, 
33%) as an orange solid. 1H NMR (CDCl3) δ 2.52 (3H, s), 2.63 (3H, s), 7.45–7.44 (1H, m), 7.58–7.51 (2H, m), 
7.66 (1H, s), 14.68 (1H, s). 
 
3-[(2-Methylphenyl)hydrazono]pentane-2,4-dione (13b). Compound 13b was obtained (49%) as an orange 
solid in a manner similar to that described for the synthesis of 13a. LC-MS (ESI) m/z 219 [M + H]+. 
 
3-[(2-Chlorophenyl)hydrazono]pentane-2,4-dione (13c). Compound 13c was obtained (46%) as an orange 
solid in a manner similar to that described for the synthesis of 13a. 1H NMR (CDCl3) δ 2.52 (3H, s), 2.64 (3H, 
s), 7.11–7.15 (1H, m), 7.34–7.37 (1H, m), 7.42 (1H, dd, J = 8.0, 1.2 Hz), 7.81 (1H, dd, J = 8.0, 1.2 Hz), 14.88 
(1H, s). 
 
3-[(2-Fluorophenyl)hydrazono]pentane-2,4-dione (13d). Compound 13d was obtained (64%) as an orange 
solid in a manner similar to that described for the synthesis of 13a. 1H NMR (CDCl3) δ 2.51 (3H, s), 2.62 (3H, 
s), 7.14–7.24 (3H, m), 7.77 (1H, d, J = 8.0 Hz), 14.71 (1H, s). 
 
3-(Phenylhydrazono)pentane-2,4-dione (13e). Compound 13e was obtained (67%) as an orange solid in a 
manner similar to that described for the synthesis of 13a. 1H NMR (CDCl3) δ 2.50 (3H, s), 2.61 (3H, s), 7.21 
(1H, dd, J = 8.0, 4.4 Hz), 7.41 (4H, d, J = 4.4 Hz), 14.74 (1H, s). 
 
3-(1-Phenyl-1H-pyrazol-5-yl)-1-[2-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (14a). A solution of 13a 
(634 mg, 2.33 mmol) in DMFDMA (10 mL) was refluxed for 4 h and then concentrated under reduced 
pressure. A solution of the residue and phenylhydrazine (377 mg, 3.50 mmol) in MeOH (20 mL) was refluxed 
for 4 h and then concentrated under reduced pressure. The residue was dissolved in CH2Cl2, washed with 1 M 
HCl aq and brine, dried over Na2SO4, and concentrated under reduced pressure. The residue was subjected to 
preparative HPLC to give 14a (105 mg, 12%). An analytical sample was obtained as a white solid by 
purification by column chromatography (basic silica gel, EtOAc) and subsequent crystallization from 
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EtOAc/hexane. Mp 154–156 °C. 1H NMR (CDCl3) δ 6.58 (1H, d, J = 7.9 Hz), 6.94–7.00 (1H, m), 7.14 (1H, d, 
J = 2.1 Hz), 7.23–7.37 (5H, m), 7.54–7.63 (2H, m), 7.73–7.81 (3H, m). LC-MS (ESI) m/z 383 [M + H]+. Anal. 
Calcd for C20H13F3N4O: C, 62.83; H, 3.43; N, 14.65. Found: C, 62.98; H, 3.53; N, 14.63. 
 
1-(2-Methylphenyl)-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (14b). Compound 14b was 
prepared (12%) in a manner similar to that described for the synthesis of 14a. An analytical sample was 
obtained as a white solid by purification by column chromatography (basic silica gel, EtOAc) and subsequent 
crystallization from EtOAc/hexane. Mp 115–117 °C. 1H NMR (CDCl3) δ 1.99 (3H, s), 6.64 (1H, d, J = 7.7 
Hz), 6.81 (1H, dd, J = 7.7, 1.1 Hz), 7.14 (1H, d, J = 1.9 Hz), 7.16–7.24 (2H, m), 7.29–7.38 (6H, m), 7.77 (1H, 
d, J = 1.9 Hz), 7.79 (1H, d, J = 7.7 Hz). LC-MS (ESI) m/z 329 [M + H]+. Anal. Calcd for C20H16N4O: C, 
73.15; H, 4.91; N, 17.06. Found: C, 73.08; H, 4.93; N, 17.02. 
 
1-(2-Chlorophenyl)-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (14c). Compound 14c was prepared 
(8%) in a manner similar to that described for the synthesis of 14a. An analytical sample was obtained as an 
off-white solid by purification by column chromatography (basic silica gel, EtOAc) and subsequent 
crystallization from EtOAc/hexane. Mp 147–149 °C. 1H NMR (CDCl3) δ 6.63 (1H, d, J = 7.7 Hz), 6.68 (1H, 
dd, J = 7.9, 1.5 Hz), 7.18–7.24 (2H, m), 7.31–7.39 (6H, m), 7.46 (1H, dd, J = 7.9, 1.5 Hz), 7.77 (1H, d, J = 1.9 
Hz), 7.90 (1H, d, J = 7.9 Hz). LC-MS (ESI) m/z 349 [M + H]+. Anal. Calcd for C19H13ClN4O: C, 65.43; H, 
3.76; N, 16.06. Found: C, 65.41; H, 3.78; N, 15.97. 
 
1-(2-Fluorophenyl)-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (14d). Compound 14d was prepared 
(31%) in a manner similar to that described for the synthesis of 14a. An analytical sample was obtained as a 
white solid by purification by column chromatography (basic silica gel, EtOAc) and subsequent crystallization 
from EtOAc/hexane. Mp 129–131 °C. 1H NMR (CDCl3) δ 6.44 (1H, td, J = 8.0, 1.7 Hz), 6.65 (1H, d, J = 7.9 
Hz), 6.98–7.04 (1H, m), 7.17 (1H, ddd, J = 11.3, 8.4, 1.3 Hz), 7.27–7.46 (7H, m), 7.79 (1H, d, J = 1.9 Hz), 
8.02 (1H, dd, J = 7.9, 2.6 Hz). 13C NMR (CDCl3) δ 111.9, 116.9 (d, J = 20.4 Hz), 117.8, 125.0 (d, J = 3.9 Hz), 
125.7, 126.0, 127.5, 129.1, 130.0 (d, J = 8.3 Hz), 130.8 (d, J = 9.9 Hz), 134.3, 140.2, 141.2 (d, J = 7.2 Hz), 
141.8, 148.4, 153.8 (d, J = 250.3 Hz), 168.3. LC-MS (ESI) m/z 333 [M + H]+. Anal. Calcd for C19H13FN4O: C, 




1-Phenyl-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (14e). Compound 14e was prepared (7%) in a 
manner similar to that described for the synthesis of 14a. An analytical sample was obtained as a white solid 
by purification by column chromatography (basic silica gel, EtOAc) and subsequent recrystallization from 
EtOAc/hexane. Mp 188–190 °C. 1H NMR (CDCl3) δ 6.71 (1H, d, J = 7.9 Hz), 6.79–6.85 (2H, m), 7.27–7.32 
(3H, m), 7.37–7.48 (6H, m), 7.80 (1H, d, J = 1.9 Hz), 8.17 (1H, d, J = 7.9 Hz). 13C NMR (CDCl3) δ 112.0, 
118.7, 120.0, 126.0, 127.6, 128.0, 129.2, 129.5, 134.4, 137.7, 140.2, 142.0, 142.8, 147.3, 168.6. LC-MS (ESI) 
m/z 315 [M + H]+. Anal. Calcd for C19H14N4O: C, 72.60; H, 4.49; N, 17.82. Found: C, 72.52; H, 4.53; N, 
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Methyl 4-methoxy-3-oxo-2-{[3-(trifluoromethyl)phenyl]hydrazono}butanoate (15a). A solution of NaNO2 
(4.14 g, 60 mmol) in water (15 mL) was added dropwise at 0 °C to a mixture of 2 (6.24 mL, 50 mmol) and 6 
M HCl aq (50 mL, 300 mmol). After stirring for 15 min, the resulting aqueous solution was added to a 
suspension of methyl 4-methoxy-3-oxobutanoate (7.31 mL, 50 mmol) and NaOAc (24.6 g, 300 mmol) in 
EtOH (80 mL) pre-cooled at 0 °C. The precipitate was collected by filtration, washed with water, and 
dissolved in EtOAc. The organic solution was washed with water and brine, dried over Na2SO4, and 
concentrated under reduced pressure. The residue was crystallized from EtOAc/hexane to give 15a (a mixture 
of E/Z-isomers, 14.0 g, 88%) as a pale yellow solid. 1H NMR (CDCl3) δ 3.51 (3H × 0.36, s), 3.52 (3H × 0.64, 
s), 3.90 (3H × 0.36, s), 3.94 (3H × 0.64, s), 4.68 (2H × 0.64, s), 4.70 (2H × 0.36, s), 7.41–7.59 (3H + 1H × 
0.64, m), 7.71 (1H × 0.36, s), 13.00 (1H × 0.64, s), 14.87 (1H × 0.36, s). 
 
Methyl 2-[(2-fluorophenyl)hydrazono]-4-methoxy-3-oxobutanoate (15b). Compound 15b was obtained 
(94%) as a pale yellow solid in a manner similar to that described for the synthesis of 15a. 1H NMR (CDCl3) 
δ 3.51 (3H, s), 3.94 (3H, s), 4.68 (2H, s), 7.08–7.25 (3H, m), 7.63 (1H, td, J = 7.9, 1.5 Hz), 13.06 (1H, brs). 
 
Methyl 5-methoxy-4-oxo-1-[3-(trifluoromethyl)phenyl]-1,4-dihydropyridazine-3-carboxylate (16a). A 
solution of 15a (14.0 g, 44 mmol) in DMFDMA (100 mL) was refluxed for 4 h. After cooling to room 
temperature, the precipitate was collected by filtration and washed with hexane/EtOAc (3/1) to give 16a (12.9 
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g, 89%) as an off-white solid. 1H NMR (CDCl3) δ 3.98 (3H, s), 3.99 (3H, s), 7.66–7.74 (2H, m), 7.83–7.89 
(2H, m), 7.95 (1H, s). 
 
Methyl 1-(2-fluorophenyl)-5-methoxy-4-oxo-1,4-dihydropyridazine-3-carboxylate (16b). Compound 16b 
was obtained (90%) as an off-white solid in a manner similar to that described for the synthesis of 16a. 1H 
NMR (CDCl3) δ 3.91 (3H, s), 3.97 (3H, s), 7.29–7.36 (2H, m), 7.44–7.51 (1H, m), 7.65 (1H, td, J = 7.9, 1.9 
Hz), 7.77 (1H, d, J = 2.3 Hz). 
 
N,5-Dimethoxy-N-methyl-4-oxo-1-[3-(trifluoromethyl)phenyl]-1,4-dihydropyridazine-3-carboxamide 
(17a). To a solution of N,O-dimethylhydroxylamine hydrochloride (2.63 g, 27 mmol) and DIPEA (4.70 mL, 
27 mmol) in CH2Cl2 (30 mL) was added AlMe3 (1.8 M solution in toluene, 15 mL, 27 mmol) dropwise at 
0 °C under Ar atmosphere. After stirring for 1 h, a solution of 16a (2.95 g, 9 mmol) in CH2Cl2 (30 mL) was 
added dropwise, and the mixture was stirred at 0 °C for 1 h. The mixture was poured into ice-water and 
extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4, and concentrated under 
reduced pressure. The residue was purified by column chromatography (basic silica gel, EtOAc) followed by 
recrystallization from EtOAc/hexane to give 17a (2.15 g, 67%) as an off-white solid. 1H NMR (CDCl3) δ 3.41 
(3H, s), 3.71 (3H, s), 3.98 (3H, s), 7.63–7.71 (2H, m), 7.80–7.86 (1H, m), 7.88 (1H, s), 7.98 (1H, s). 
 
1-(2-Fluorophenyl)-N,5-dimethoxy-N-methyl-4-oxo-1,4-dihydropyridazine-3-carboxamide (17b). 
Compound 17b was obtained (65%) as a white solid in a manner similar to that described for the synthesis of 
17a. 1H NMR (CDCl3) δ 3.39 (3H, s), 3.71 (3H, s), 3.91 (3H, s), 7.25–7.33 (2H, m), 7.41–7.48 (1H, m), 7.65 
(1H, td, J = 7.9, 1.9 Hz), 7.81 (1H, d, J = 2.3 Hz). 
 
3-Acetyl-5-methoxy-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (18a). To a solution of 17a (2.09 g, 
5.85 mmol) in THF (50 mL) was added MeMgBr (3 M solution in diethyl ether, 4 mL, 12 mmol) dropwise at 
−78 °C. After stirring for 1 h, the mixture was quenched with saturated NH4Cl aq and extracted with EtOAc 
three times. The combined organic layers were washed with brine, dried over MgSO4, and concentrated under 
reduced pressure. The residue was purified by column chromatography (silica gel, EtOAc to 91:9 
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EtOAc/MeOH) followed by recrystallization from EtOAc/hexane to give 18a (1.44 g, 79%) as an off-white 
solid. 1H NMR (CDCl3) δ 2.71 (3H, s), 3.98 (3H, s), 7.68–7.76 (2H, m), 7.83–7.88 (2H, m), 7.94 (1H, s). 
 
3-Acetyl-1-(2-fluorophenyl)-5-methoxypyridazin-4(1H)-one (18b). Compound 18b was obtained (85%) as 
a pale yellow solid in a manner similar to that described for the synthesis of 18a. 1H NMR (CDCl3) δ 2.69 (3H, 
s), 3.91 (3H, s), 7.27–7.38 (2H, m), 7.45–7.53 (1H, m), 7.65 (1H, td, J = 7.9, 1.5 Hz), 7.77 (1H, d, J = 2.3 Hz). 
 
3-[3-(Dimethylamino)prop-2-enoyl]-5-methoxy-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (19a). 
A solution of 18a (1.39 g, 4.45 mmol) in DMFDMA (15 mL) was refluxed for 3 h. After cooling to room 
temperature, the mixture was concentrated under reduced pressure, and the residue was dissolved in EtOAc. 
The organic solution was washed with half-saturated brine, and the aqueous solution was extracted with 
EtOAc four times. The combined organic layers were dried over MgSO4, and concentrated under reduced 
pressure. The residue was recrystallized from EtOAc to give 19a (1.46 g, 89%) as an orange solid. 1H NMR 
(CDCl3) δ 2.91 (3H, s), 3.14 (3H, s), 3.96 (3H, s), 5.80 (1H, d, J = 13.2 Hz), 7.61–7.68 (2H, m), 7.80 (1H, 
brs), 7.84–7.90 (2H, m), 7.96 (1H, s). 
 
5-Methoxy-3-(1-phenyl-1H-pyrazol-5-yl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (20a). A 
solution of 19a (3.41 g, 9.29 mmol) and phenylhydrazine (1.83 mL, 18.6 mmol) in AcOH (25 mL) was 
refluxed for 2 h. After cooling to room temperature, the mixture was concentrated under reduced pressure. The 
residue was diluted with EtOAc, washed successively with 1 M HCl aq, 1 M NaOH aq, and brine, dried over 
MgSO4, and concentrated under reduced pressure. The residue was purified by column chromatography 
(silica gel, EtOAc) followed by crystallization from EtOAc/hexane to give 20a (2.70 g, 71%) as a white solid. 
Mp 139–141 °C. 1H NMR (CDCl3) δ 3.98 (3H, s), 7.05 (1H, dd, J = 7.9, 1.9 Hz), 7.19 (1H, s), 7.34–7.47 (7H, 
m), 7.56 (1H, d, J = 7.9 Hz), 7.80 (1H, d, J = 1.9 Hz), 7.92 (1H, s). 13C NMR (CDCl3) δ 56.8, 111.8, 117.2 (q, 
J = 3.9 Hz), 120.6, 123.2 (q, J = 272.9 Hz), 123.5, 124.6 (q, J = 3.9 Hz), 125.8, 127.7, 129.1, 130.3, 132.3, 
134.2, 140.3, 141.6, 143.6, 144.8, 151.0, 163.1. LC-MS (ESI) m/z 413 [M + H]+. Anal. Calcd for 




1-(2-Fluorophenyl)-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (21). Compound 21 was 
obtained (59%) as a white solid in a manner similar to that described for the synthesis of 19a and 20a. Mp 
163–165 °C. 1H NMR (CDCl3) δ 3.90 (3H, s), 6.43 (1H, td, J = 7.9, 1.5 Hz), 6.98–7.04 (1H, m), 7.18 (1H, 
ddd, J = 11.3, 8.3, 1.1 Hz), 7.28–7.46 (7H, m), 7.78 (1H, d, J = 1.9 Hz), 7.81 (1H, d, J = 2.3 Hz). 13C NMR 
(CDCl3) δ 56.5, 111.3, 117.0 (d, J = 19.8 Hz), 124.3 (d, J = 7.7 Hz), 125.1 (d, J = 3.9 Hz), 125.9, 125.9, 127.4, 
129.0, 130.1 (d, J = 8.3 Hz), 131.4 (d, J = 9.4 Hz), 134.5, 140.2, 141.8, 145.4, 150.0, 153.6 (d, J = 250.9 Hz), 
162.8. LC-MS (ESI) m/z 363 [M + H]+. Anal. Calcd for C20H15FN4O2: C, 66.29; H, 4.17; N, 15.46. Found: C, 
66.09; H, 4.22; N, 15.42. 
 
5-Hydroxy-3-(1-phenyl-1H-pyrazol-5-yl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (20b). 
TMSCl (3.17 mL, 25 mmol) was added at room temperature to a solution of NaI (3.75 g, 25 mmol) in CH3CN 
(150 mL). After stirring for 30 min, 20a (2.06 g, 5 mmol) was added, and the mixture was stirred at room 
temperature for 30 min and then refluxed for 1 h. The mixture was poured into water and extracted with 
EtOAc. The organic layer was washed with brine, dried over MgSO4, and concentrated under reduced 
pressure. The residue was washed with EtOAc/hexane (1/1) and recrystallized from MeOH/water to give 20b 
(1.68 g, 84%) as a white solid. Mp 246–248 °C. 1H NMR (DMSO-d6) δ 7.17 (1H, d, J = 1.9 Hz), 7.33–7.46 
(5H, m), 7.53–7.64 (3H, m), 7.71 (1H, d, J = 7.5 Hz), 7.83 (1H, d, J = 1.9 Hz), 8.83 (1H, s). Anal. Calcd for 
C20H13F3N4O2: C, 60.30; H, 3.29; N, 14.07. Found: C, 60.09; H, 3.33; N, 14.02. 
 
5-(Difluoromethoxy)-3-(1-phenyl-1H-pyrazol-5-yl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one 
(20c). A mixture of 20b (398 mg, 1.0 mmol), sodium chlorodifluoroacetate (305 mg, 2.0 mmol), K2CO3 (207 
mg, 1.5 mmol), DMF (2 mL), and water (0.4 mL) was stirred at 100 °C for 6 h. The mixture was poured into 
water and extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4, and 
concentrated under reduced pressure. The residue was purified by column chromatography (basic silica gel, 
75:25 hexane/EtOAc) followed by crystallization from EtOAc/hexane to give 20c (267 mg, 59%) as a white 
solid. Mp 132–134 °C. 1H NMR (CDCl3) δ 7.06 (1H, dd, J = 8.3, 2.3 Hz), 7.16–7.66 (10H, m), 7.82 (1H, d, J 
= 1.9 Hz), 8.33 (1H, s). LC-MS (ESI) m/z 449 [M + H]+. Anal. Calcd for C21H13F5N4O2: C, 56.26; H, 2.92; N, 




5-Ethoxy-3-(1-phenyl-1H-pyrazol-5-yl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (20d). A 
suspension of 20b (100 mg, 0.25 mmol), iodoethane (0.040 mL, 0.50 mmol), and K2CO3 (104 mg, 0.75 
mmol) in DMF (1 mL) was stirred at room temperature for 24 h. The mixture was poured into water and 
extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4, and concentrated under 
reduced pressure. The residue was purified by column chromatography (basic silica gel, 50:50 hexane/EtOAc) 
to give 20d (94.1 mg, 88%) as an off-white amorphous solid. 1H NMR (CDCl3) δ 1.52 (3H, t, J = 6.8 Hz), 
4.21 (2H, q, J = 6.8 Hz), 7.03 (1H, dd, J = 7.9, 1.9 Hz), 7.18 (1H, s), 7.33–7.46 (7H, m), 7.55 (1H, d, J = 7.9 
Hz), 7.80 (1H, d, J = 1.9 Hz), 7.94 (1H, s). LC-MS (ESI) m/z 413 [M + H]+. Anal. Calcd for C22H17F3N4O2: 
C, 61.97; H, 4.02; N, 13.14. Found: C, 61.82; H, 4.15; N, 13.17. 
 
5-Isopropoxy-3-(1-phenyl-1H-pyrazol-5-yl)-1-[3-(trifluoromethyl)phenyl]pyridazin-4(1H)-one (20e). 
Compound 20e was obtained (72%) as a white solid in a manner similar to that described for the synthesis of 
20d. Mp 137–139 °C. 1H NMR (CDCl3) δ 1.38 (6H, d, J = 6.4 Hz), 4.96–5.09 (1H, m), 7.05 (1H, dd, J = 7.9, 
1.9 Hz), 7.18 (1H, s), 7.33–7.46 (7H, m), 7.55 (1H, d, J = 7.9 Hz), 7.80 (1H, d, J = 1.9 Hz), 8.01 (1H, s). 
LC-MS (ESI) m/z 441 [M + H]+. Anal. Calcd for C23H19F3N4O2: C, 62.72; H, 4.35; N, 12.72. Found: C, 
62.74; H, 4.40; N, 12.81. 
 
第二章に関する実験 
Methyl 4-methoxy-3-oxo-2-(phenylhydrazono)butanoate (4). A solution of sodium nitrite (55.6 g, 803 
mmol) in water (142 mL) was added dropwise to a solution of 23 (50 g, 539 mmol) in 6 M HCl aq (536 mL) 
at 0 °C. The mixture was added to a suspension of methyl 4-methoxyacetoacetate (78.5 g, 537 mmol) and 
sodium acetate (264 g, 3220 mmol) in MeOH (1400 mL) and water (350 mL) at 0°C. After the mixture was 
stirred at room temperature for 2 h, the mixture was diluted with water and stirred for 30 min. The formed 
precipitate was collected by filtration, washed with water, EtOH/IPE, and IPE, successively, and dried to give 
24 (111.2 g, 83%) as a yellow solid. 1H NMR (CDCl3) δ 3.51 (3H, s), 3.88 (3H, s), 4.69 (2H, s), 7.18-7.25 
(1H, m), 7.37-7.48 (4H, m), 14.99 (1H, brs). 
 
Methyl 5-methoxy-4-oxo-1-phenyl-1,4-dihydropyridazine-3-carboxylate (25). A mixture of 24 (25.0 g, 
100 mmol) and DMFDMA (120 mL) was stirred at 90 °C for 1 h and at room temperature for 1 h. The formed 
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precipitate was then collected by filtration, washed with diethyl ether and hexane, and dried to give 25 (24.7 g, 
95%) as a pale yellow solid. LC-MS (ESI) m/z 261.1 [M + H]+. 1H NMR (CDCl3) δ 3.96 (3H, s), 3.98 (3H, s), 
7.43-7.48 (1H, m), 7.51-7.56 (2H, m), 7.61-7.64 (2H, m), 7.95 (1H, s). 
 
5-Methoxy-4-oxo-1-phenyl-1,4-dihydropyridazine-3-carboxylic acid (26). 1 M NaOH aq (300 mL) was 
added dropwise to a solution of 25 (39.0 g, 150 mmol) in MeOH (663 mL) at 0 °C. After the mixture was 
stirred at room temperature for 1 h, 1 M HCl aq (300 mL) was added to the mixture at 0 °C. The mixture was 
stirred at 0 °C for 1 h, and the formed precipitate was collected by filtration. The obtained solid was washed 
with water, EtOH/IPE, and IPE, successively, and dried to give 26 (36.1 g, 98%) as a pale yellow solid. 
LC-MS (ESI) m/z 247.1 [M + H]+. 1H NMR (DMSO-d6) δ 3.99 (3H, s), 7.55-7.68 (3H, m), 7.87 (2H, d, J = 
8.4 Hz), 8.94 (1H, s), 15.25 (1H, s). 
 
N,5-Dimethoxy-N-methyl-4-oxo-1-phenyl-1,4-dihydropyridazine-3-carboxamide (27). To a solution of 26 
(40 g, 162 mmol) in DMA (600 mL) were added N,O-dimethylhydroxylamine hydrochloride (23.7 g, 243 
mmol) and HOBt (21.9 g, 162 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (46.6 g, 
243 mmol), and TEA (81.4 mL, 584 mmol) at 0 °C. After being stirred at room temperature for 96 h, the 
mixture was diluted with EtOAc and the insoluble was filtered off. The filtrate was concentrated under 
reduced pressure. The residue was purified by basic silica gel column chromatography with EtOAc/MeOH to 
give 27 (39.2 g, 84%) as a white solid. LC-MS (ESI) m/z 290.1 [M + H]+. 1H NMR (CDCl3) δ 3.40 (3H, s), 
3.71 (3H, s), 3.96 (3H, s), 7.39-7.44 (1H, m), 7.49-7.54 (2H, m), 7.59-7.63 (2H, m), 7.98 (1H, s). 
 
3-Acetyl-5-methoxy-1-phenylpyridazin-4(1H)-one (28). To a solution of 27 (20.0 g, 69.1 mmol) in THF 
(1000 mL) was added dropwise methylmagnesium bromide in THF (1 mol/L, 138 mL) at –69 °C, and the 
mixture was stirred at –69 °C for 1.5 h. The mixture was quenched with saturated ammonium chloride 
solution and warmed to room temperature. The organic layer was washed with brine, dried over MgSO4. The 
aqueous layer was extracted with EtOAc. The extract was dried over MgSO4 and the combined organic layer 
was concentrated under reduced pressure. The residue was purified by basic silica gel column chromatography 
with EtOAc/MeOH to give 28 (13.2 g, 78%) as a yellow solid. LC-MS (ESI) m/z 245.1 [M + H]+. 1H NMR 




5-Methoxy-3-(1-methyl-1H-pyrazol-5-yl)-1-phenylpyridazin-4(1H)-one (29). To a suspension of 28 (6.0 g, 
24.6 mmol) in CH3CN (18 mL) was added DMFDMA (49 mL). After refluxing for 4.5 h, the mixture was 
concentrated under reduced pressure. The residue was dissolved in EtOH (9 mL), and then to the solution was 
added dropwise a solution of methylhydrazine (2.6 mL, 49.1 mmol) in 10% TFA/EtOH (85 mL) at below 
15 °C. After the mixture was stirred at room temperature for 18 h, the formed precipitate was collected by 
filtration, washed with EtOH and IPE, and dried under reduced pressure at 50 °C to give 29 (3.8 g, 55%) as a 
pale yellow solid. LC-MS (ESI) m/z 283.2 [M + H]+. 1H NMR (CDCl3) δ 3.97 (3H, s), 4.12 (3H, s), 7.24 (1H, 
d, J = 2.3 Hz), 7.42-7.49 (1H, m), 7.52-7.60 (3H, m), 7.60-7.66 (2H, m), 8.02 (1H, s). Anal. Calcd for 
C15H14N4O2: C, 63.82; H, 5.00; N, 19.85. Found: C, 63.69; H, 5.04; N, 19.94. 
 
1-Benzyl-3-chloro-5-methoxypyridazin-4(1H)-one (31). To a solution of 30 (10.0 g, 62.3 mmol) in DMF 
(300 mL) were added NaH (55 wt%, 3.26 g, 74.7 mmol) and nBu4NI (4.60 g, 12.5 mmol) at 0 °C. The mixture 
was stirred for 10 min at 0 °C, and then benzyl bromide (12.3 g, 71.6 mmol) was added to it at 0 °C. The 
mixture was stirred for 20 h at room temperature and then quenched with water and extracted with DCM 
(twice). The combined organic layer was washed with water and brine, dried over Na2SO4, and concentrated 
under reduced pressure. The residual solid was recrystallized from EtOAc/hexane to give 31 (19.8 g, 53%) as 
a white solid. 1H NMR (CDCl3) δ 3.82 (3H, s), 5.31 (2H, s), 7.34-7.42 (5H, m), 7.89 (1H, s). 
 
1-Benzyl-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (32). A mixture of 31 (13.6 g, 54.3 
mmol), 1-phenyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-pyrazole (22.0 g, 81.0 mmol), K2CO3 
(51.0 g, 109 mmol) and PdCl2[PtBu2(Ph-p-NMe2)]2 (1.92 g, 2.71 mmol) in toluene (330 mL) and water (33 
mL) was refluxed for 24 h under N2 atmosphere. The mixture was diluted with water and saturated NaHCO3 
aqueous solution. The mixture was extracted with EtOAc, dried over Na2SO4, and concentrated under reduced 
pressure. The residue was recrystallized from EtOAc/hexane to give 32 (15.1 g, 78%) as a pale yellow solid. 
1H NMR (DMSO-d6) δ 3.81 (3H, s), 5.10 (2H, s), 6.95 (1H, d, J = 1.6 Hz), 7.05-7.07 (2H, m), 7.24-7.38 (8H, 




5-Methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4-ol (33). A mixture of 32 (15.0 g, 41.9 mmol) and 
Pd(OH)2/C (Pd: 20%, 50% wet, 5.88 g, 4.19 mmol) in THF (500 mL) and MeOH (300 mL) was stirred at 
room temperature for 2 days under H2 atmosphere. After filtration through a Celite pad, the filtrate was 
concentrated under reduced pressure. The residual solid was washed with EtOH/hexane to give 33 (10 g, 
81%) as a brown solid. 1H NMR (DMSO-d6) δ 3.74 (3H, s), 6.79 (1H, d, J = 1.6 Hz), 7.27-7.40 (5H, m), 7.76 
(1H, d, J = 2.0 Hz), 8.15 (1H, s), 13.4 (1H, brs). LC-MS (ESI) m/z 269 [M + H]+. 
 
5-Methoxy-1-methyl-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (34a). To a solution of 33 (135 mg, 
0.5 mmol) in DMF (2 mL) was added cesium carbonate (361 mg, 1.11 mmol), then, to the mixture was added 
dimethyl sulfate (0.071 mL, 0.75 mmol) at room temperature. After being stirred at the same temperature for 
16 h, the mixture was poured into water and extracted with EtOAc. The organic layer was separated, washed 
with brine, dried over MgSO4, and concentrated under reduced pressure. The residue was purified by silica 
gel column chromatography with EtOAc/MeOH and recrystallized from MeOH/EtOAc to give 34a (47 mg, 
33%) as a pale yellow solid. 1H NMR (CDCl3) δ 3.66 (3 H, s), 3.84 (3 H, s), 7.12 (1H, d, J = 1.9 Hz), 7.28 - 
7.37 (5H, m), 7.43 (1H, s), 7.76 (1H, d, J = 1.9 Hz). LC-MS (ESI) m/z 283.2 [M + H]+. Anal. Calcd for 
C15H14N4O2: C, 63.82; H, 5.00; N, 19.85. Found: C, 63.74; H, 5.01; N, 19.95. 
 
1-Cyclopropyl-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (34b). To a mixture of 33 
(1.0 g, 3.7 mmol) and cesium carbonate (2.4 g, 7.5 mmol) in DMF (20 mL) was added bromocyclopropane 
(0.60 mL, 7.5 mmol) at room temperature. After stirring at 150 °C in an autoclave for 30 h, the mixture was 
poured into water and extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4, 
and concentrated under reduced pressure. The residue was purified by silica gel column chromatography with 
EtOAc/MeOH and basic silica gel column chromatography with EtOAc/MeOH to give 34b (15 mg, 1.3%) as 
a white solid. 1H NMR (CDCl3) δ 0.51-0.59 (2H, m), 0.69-0.78 (2H, m), 3.37 (1H, tt, J = 7.3, 3.7 Hz), 3.89 
(3H, s), 7.24 (1H, d, J = 1.9 Hz), 7.29-7.42 (5H, m), 7.58 (1H, s), 7.75 (1H, d, J = 2.3 Hz). LC-MS (ESI) m/z 
309.1 [M + H]+. 
 
1-(Cyclopropylmethyl)-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (34c). To a solution 
of 33 (135 mg, 0.50 mmol) in DMF (2 mL) under argon atmosphere was added 60% oil suspension of sodium 
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hydride (40.3 mg, 1.01 mmol), and the suspension was stirred for 30 min at 0 °C. 
(Bromomethyl)cyclopropane (0.073 mL, 0.75 mmol was added to the mixture, which was then stirred at the 
same temperature for 7 h, before MeOH (5 mL) was added to the mixture at below 15 °C. The mixture was 
concentrated under reduced pressure, and the residue was purified by silica gel column chromatography with 
EtOAc/MeOH and recrystallized from MeOH/EtOAc to give 34c (103 mg, 63%) as a white solid. 1H NMR 
(CDCl3) δ 0.17 (2H, q, J = 4.9 Hz), 0.52 (2H, q, J = 6.2 Hz), 0.83-0.96 (1H, m), 3.59 (2H, d, J = 7.2 Hz), 3.88 
(3H, s), 7.18 (1H, d, J = 1.9 Hz), 7.27-7.33 (1H, m), 7.33-7.37 (4H, m), 7.50 (1H, s), 7.76 (1H, d, J = 1.9 Hz). 
LC-MS (ESI) m/z 323.3 [M + H]+. Anal. Calcd for C18H18N4O2: C, 67.07; H, 5.63; N, 17.38. Found: C, 
67.05; H, 5.58; N, 17.36. 
 
5-Methoxy-3-(1-phenyl-1H-pyrazol-5-yl)-1-(2,2,2-trifluoroethyl)pyridazin-4(1H)-one (34d). To a solution 
of 33 (2.0 g, 7.5 mmol) in DMF (40 mL) under argon atmosphere was added 60% oil suspension of sodium 
hydride (0.596 g, 14.91 mmol), and the suspension was stirred for 30 min at 0 °C. Then, 
trifluoromethanesulfonic acid 2,2,2-trifluoroethyl ester (2.6 g, 11.2 mmol) was added. After the mixture was 
stirred at the same temperature for 18 h, MeOH (5 mL) was added at below 15°C.  This mixture was 
concentrated under reduced pressure, and the residue was purified by silica gel column chromatography with 
EtOAc/hexane to give 34d (1.7 g, 66%) as a white solid. 1H NMR (CDCl3) δ 3.84 (3H, s), 4.26 (2H, q, J = 8.2 
Hz), 7.17 (1H, d, J = 1.9 Hz), 7.30-7.39 (5H, m), 7.44 (1H, s), 7.76 (1H, d, J = 1.9 Hz). LC-MS (ESI) m/z 
351.0 [M + H]+. Anal. Calcd for C16H13F3N4O2: C, 54.86; H, 3.74; N, 15.99. Found: C, 54.78; H, 3.87; N, 
15.89. 
 
1-(Cyclopropylmethyl)-5-hydroxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (35). TMSCl (3.2 
mL, 25.0 mmol) was added at room temperature to a solution of NaI (3.8 g, 25.0 mmol) in CH3CN (150 mL). 
After the mixture was stirred for 30 min, 34c (1.6 g, 5.0 mmol) was added to the resulting suspension. The 
mixture was stirred for 30 min at room temperature and then refluxed for 4 h. After being cooled to room 
temperature, the mixture was poured into water and stirred for 30 min. The mixture was extracted with EtOAc. 
The organic layer was washed with brine, dried over MgSO4 and concentrated under reduced pressure. The 
residue was triturated with EtOAc, and collected by filtration. The crystals were washed with EtOAc and IPE, 
and dried under reduced pressure at 50 °C to give 35 (1.2 g, 80 %) as a pale brown solid. 1H NMR (CDCl3) δ 
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0.18-0.26 (2H, m), 0.35-0.44 (2H, m), 0.85-0.98 (1H, m), 3.74 (2H, d, J =7.2 Hz), 6.91 (1H, d, J =1.9 Hz), 
7.25-7.34 (3H, m), 7.35-7.43 (2H, m), 7.77 (1H, d, J =1.9 Hz), 8.22 (1H, s). LC-MS (ESI) m/z 309 [M + H]+. 
 
1-(Cyclopropylmethyl)-5-[(1-methyl-1H-benzimidazol-2-yl)methoxy]-3-(1-phenyl-1H-pyrazol-5-yl)pyrid
azin-4(1H)-one (36a). To a solution of 35 (100 mg, 0.32 mmol), 
2-(1-methyl-1H-benzo[d]imidazol-2-yl)methanol (79 mg, 0.49 mmol) and triphenylphosphine (149 mg, 0.57 
mmol) in THF (10 mL) was added (E)-di-tert-butyl diazene-1,2-dicarboxylate (20% toluene solution, 0.64 mL, 
0.49 mmol) at room temperature. After stirring at room temperature overnight, the mixture was concentrated 
under reduced pressure. The residue was purified by silica gel column chromatography with EtOAc/hexane 
and recrystallized from EtOAc to give 36a (72 mg, 49 %) as a white solid. 1H NMR (CDCl3) δ 0.12-0.21 (2H, 
m), 0.40-0.50 (2H, m), 0.74-0.91 (1H, m), 3.53 (2H, d, J = 7.2 Hz), 3.97 (3H, s), 5.55 (2H, s), 7.18 (1H, d, J = 
2.3 Hz), 7.27-7.43 (8H, m), 7.71-7.79 (2H, m), 8.17 (1H, s). 13C NMR (CDCl3) δ 3.9, 10.6, 30.5, 64.2, 65.5, 
109.8, 110.7, 120.0, 122.6, 123.6, 125.5, 127.3, 127.7, 128.6, 135.0, 136.2, 140.1, 141.5, 142.1, 146.0, 148.4, 
148.6, 162.7. LC-MS (ESI) m/z 453.1 [M + H]+. Anal. Calcd for C26H24N6O2 + 0.2 H2O: C, 68.47; H, 5.39; 
N, 18.43. Found: C, 68.51; H, 5.35; N, 18.59. 
 
1-(Cyclopropylmethyl)-5-[2-(1-methyl-1H-benzimidazol-2-yl)ethoxy]-3-(1-phenyl-1H-pyrazol-5-yl)pyrid
azin-4(1H)-one (36b). To a solution of 35 (100 mg, 0.32 mmol), 
2-(1-methyl-1H-benzo[d]imidazol-2-yl)ethanol (86 mg, 0.49 mmol) and triphenylphosphine (149 mg, 0.57 
mmol) in THF (10 mL) was added (E)-diethyl diazene-1,2-dicarboxylate (0.221 mL, 0.49 mmol) at room 
temperature. After being stirred at room temperature for 3 h, the mixture was concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography with EtOAc/MeOH to give 36b (71 
mg, 47 %) as an off-white solid. 1H NMR (DMSO-d6) δ 0.15-0.24 (2H, m), 0.30-0.42 (2H, m), 0.78-0.94 (1H, 
m), 3.38 (2H, t, J = 6.6 Hz), 3.72 (2H, d, J = 7.2 Hz), 3.83 (3H, s), 4.44 (2H, t, J = 6.6 Hz), 6.89 (1H, d, J = 
1.9 Hz), 7.10-7.44 (7H, m), 7.47-7.59 (2H, m), 7.75 (1H, d, J = 1.9 Hz), 8.37 (1H, s). 13C NMR (CDCl3) δ 3.8, 
10.6, 27.9, 30.2, 65.4, 67.7, 109.5, 110.6, 118.9, 122.1, 122.5, 125.2, 125.5, 127.2, 128.6, 135.1, 135.7, 140.1, 
141.5, 142.3, 145.3, 149.8, 151.8, 162.4. LC-MS (ESI) m/z 467.1 [M + H]+. Anal. Calcd for C27H26N6O2 + 





idazin-4(1H)-one (36c). Compound 36c was obtained (46%) as a white solid in a manner similar to that 
described for compound 36a. 1H NMR (CDCl3) δ 0.10-0.18 (2H, m), 0.43-0.51 (2H, m), 0.80-0.93 (1H, m), 
2.47 (2H, quin, J =6.5 Hz), 3.13 (2H, t, J =6.8 Hz), 3.55 (2H, d, J =7.2 Hz), 3.75 (3H, s), 4.22 (2H, t, J =6.2 
Hz), 7.17 (1H, d, J =1.9 Hz), 7.20-7.28 (2H, m), 7.29-7.32 (2H, m), 7.32-7.36 (4H, m), 7.65-7.70 (1H, m), 
7.71 (1H, s), 7.76 (1H, d, J =1.9 Hz). 13C NMR (CDCl3) δ 3.8, 10.7, 23.3, 26.0, 29.8, 65.5, 68.2, 109.2, 110.6, 
118.9, 121.9, 122.3, 125.3, 125.6, 127.2, 128.6, 135.3, 135.8, 140.1, 141.6, 142.4, 145.1, 150.0, 154.2, 162.6. 
LC-MS (ESI) m/z 481.3 [M + H]+. Anal. Calcd for C28H28N6O2 + H2O: C, 67.95; H, 6.29; N, 16.39. Found: 
C, 68.21; H, 6.26; N, 16.26. 
 
1-(Cyclopropylmethyl)-5-[4-(1-methyl-1H-benzimidazol-2-yl)butoxy]-3-(1-phenyl-1H-pyrazol-5-yl)pyri
dazin-4(1H)-one (36d). Compound 36d was obtained (54%) as a white solid in a manner similar to that 
described for compound 36b. 1H NMR (CDCl3) δ 0.14-0.25 (2H, m), 0.31-0.43 (2H, m), 0.80-0.96 (1H, m), 
1.77-1.97 (4H, m), 2.94 (2H, t, J = 7.2 Hz), 3.65-3.81 (5H, m), 3.94-4.09 (2H, m), 6.89 (1H, d, J = 1.9 Hz), 
7.08-7.58 (9H, m), 7.75 (1H, d, J = 1.9 Hz), 8.28 (1H, s). 13C NMR (CDCl3) δ 3.8, 10.6, 23.7, 27.0, 28.5, 29.9, 
65.3, 69.2, 109.0, 110.6, 118.9, 121.8, 122.1, 125.3, 125.5, 127.2, 128.6, 135.3, 135.8, 140.1, 141.6, 142.3, 
145.2, 150.0, 154.8, 162.7. LC-MS (ESI) m/z 495.2 [M + H]+. Anal. Calcd for C29H30N6O2 + 2 H2O: C, 
65.10; H, 6.24; N, 16.27. Found: C, 65.33; H, 6.20; N, 16.26. 
 
1-(Cyclopropylmethyl)-5-(2-((1-methyl-1H-benzimidazol-2-yl)oxy)ethoxy)-3-(1-phenyl-1H-pyrazol-5-yl)
pyridazin-4(1H)-one (36e). Compound 36e was obtained (73%) as a white solid in a manner similar to that 
described for compound 36a. 1H NMR (CDCl3) δ 0.09-0.16 (2H, m), 0.43-0.51 (2H, m), 0.76-0.91 (1H, m), 
3.50 (2H, d, J = 7.6 Hz), 3.54 (3H, s), 4.67 (2H, dd, J = 5.7, 3.8 Hz), 4.86 (2H, dd, J = 5.7, 3.8 Hz), 7.13-7.18 
(3H, m), 7.19 (1H, d, J = 1.9 Hz), 7.27-7.37 (5H, m), 7.46-7.53 (1H, m), 7.75 (1H, s), 7.77 (1H, d, J = 1.9 Hz). 
LC-MS (ESI) m/z 483.1 [M + H]+. Anal. Calcd for C27H26N6O3 + 0.6 H2O: C, 65.73; H, 5.56; N, 17.03. 
Found: C, 65.60; H, 5.55; N, 16.81. 
 
1-(Cyclopropylmethyl)-5-[2-(2,3-dihydro-1H-imidazo[1,2-a]benzimidazol-1-yl)ethoxy]-3-(1-phenyl-1H-p
yrazol-5-yl)pyridazin-4(1H)-one (36f). A mixture of 35 (231 mg, 0.75 mmol), 
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1-(2-chloroethyl)-2,3-dihydro-1H-imidazo[1,2-a]benzimidazole (249 mg, 1.13 mmol), cesium carbonate (428 
mg, 1.31 mmol), sodium iodide (253 mg, 1.69 mmol) in DMA (10 mL) was stirred at 80 °C for 13 h. The 
precipitate was removed by filtration, and the filtrate was concentrated under reduced pressure. The residue 
was purified by basic silica gel column chromatography with EtOAc/hexane to give 36f (231 mg, 62%) as a 
white solid. 1H NMR (CDCl3) δ 0.11 (2H, q, J = 5.0 Hz), 0.45 (2H, q, J = 6.2 Hz), 0.74-0.87 (1H, m), 3.47 
(2H, d, J = 7.2 Hz), 3.84 (2H, t, J = 5.1 Hz), 4.06-4.14 (2H, m), 4.22-4.30 (2H, m), 4.43 (2H, t, J = 5.1 Hz), 
7.00-7.11 (3H, m), 7.19 (1H, d, J =1.9 Hz), 7.27-7.34 (5H, m), 7.38 (1H, d, J = 7.6 Hz), 7.72 (1H, s), 7.77 (1H, 
d, J = 1.9 Hz). 13C NMR (CDCl3) δ 3.8, 10.5, 41.1, 46.0, 54.1, 65.4, 67.8, 107.5, 110.6, 116.7, 120.0, 121.1, 
125.6, 126.5, 127.3, 128.6, 132.6, 135.1, 140.1, 141.6, 145.6, 148.3, 149.5, 161.4, 162.7. LC-MS (ESI) m/z 
494.4 [M + H]+. Anal. Calcd for C28H27N7O2 + 1.7 H2O: C, 64.16; H, 5.85; N, 18.70. Found: C, 64.13; H, 
5.86; N, 18.64. 
 
第三章に関する実験 
Methyl 2-[(2-Fluoro-4-iodophenyl)hydrazono]-4-methoxy-3-oxobutanoate (38a). Compound 38a was 
obtained (80%) as a yellow solid in a manner similar to that described for the synthesis of 15a. 1H NMR 
(CDCl3) δ 3.50 (3H, s), 3.93 (3H, s), 4.64 (2H, s), 7.35 (1H, t, J = 8.5 Hz), 7.49−7.55 (2H, m), 12.97 (1H, 
brs). 
 
Methyl 2-{[2-Fluoro-4-(trifluoromethoxy)phenyl]hydrazono}-4-methoxy-3-oxobutanoate (38b). 
Compound 38b was obtained (58%) as a yellow solid in amanner similar to that described for the synthesis of 
15a. 1H NMR (CDCl3) δ 3.51 (3H, s), 3.94 (3H, s), 4.65 (2H, s), 7.06−7.14 (2H, m), 7.59−7.68 (1H, m), 12.98 
(1H, brs). 
 
Methyl 1-(2-Fluoro-4-iodophenyl)-5-methoxy-4-oxo-1,4-dihydropyridazine-3-carboxylate (39a). A 
solution of 38a (6.27 g, 15.9 mmol) in DMFDMA (60 mL) was refluxed for 3 h. The mixture was poured into 
water and extracted with EtOAc. The organic layer was washed with water and brine, dried over MgSO4, and 
concentrated under reduced pressure. The residue was purified by column chromatography (silica gel, EtOAc) 
followed by recrystallization from MeOH to give 39a (3.77 g, 59%) as an off-white solid. 1H NMR (CDCl3) δ 





(39b). Compound 39b was obtained (67%) as an off-white solid in a manner similar to that described for the 
synthesis of 39a. 1H NMR (CDCl3) δ 3.91 (3H, s), 3.97 (3H, s), 7.18−7.25 (2H, m), 7.69−7.75 (2H, m). 
 
1-(2-Fluoro-4-iodophenyl)-N,5-dimethoxy-N-methyl-4-oxo-1,4-dihydropyridazine-3-carboxamide (40a). 
Compound 40a was obtained (77%) as a white amorphous solid in a manner similar to that described for the 
synthesis of 17a. 1H NMR (CDCl3) δ 3.39 (3H, s), 3.70 (3H, s), 3.90 (3H, s), 7.39 (1H, t, J = 8.1 Hz), 
7.63−7.67 (2H, m), 7.77 (1H, d, J = 2.3 Hz). 
 
1-[2-Fluoro-4-(trifluoromethoxy)phenyl]-N,5-dimethoxy-N-methyl-4-oxo-1,4-dihydropyridazine-3-carb
oxamide (40b). A solution of 39b (362 mg, 1.0 mmol) and 2M NaOH aq (0.75 mL, 1.5 mmol) in MeOH (3 
mL) was stirred at room temperature for 1 h. The mixture was poured into water, neutralized with 2 M HCl aq, 
and extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4, and concentrated 
under reduced pressure. A suspension of the residue, N,O-dimethylhydroxylamine hydrochloride (107 mg, 1.1 
mmol), WSC·HCl (230 mg, 1.2 mmol), HOBt·H2O (184 mg, 1.2 mmol), and Et3N (0.153 mL, 1.1 mmol) in 
DMF (3 mL) was stirred at room temperature for 4 h. The mixture was poured into water and extracted with 
EtOAc. The organic layer was washed with water and brine, dried over MgSO4, and concentrated under 
reduced pressure. The residue was purified by column chromatography (basic silica gel, 50:50 hexane/EtOAc) 
to give 40b (317 mg, 81%) as an off-white amorphous solid. 1H NMR (CDCl3) δ 3.39 (3H, s), 3.71 (3H, s), 
3.91 (3H, s), 7.17−7.22 (2H, m), 7.73 (1H, t, J = 8.6 Hz), 7.77 (1H, d, J = 2.3 Hz). 
 
3-Acetyl-1-(2-fluoro-4-iodophenyl)-5-methoxypyridazin-4(1H)-one (41a). Compound 41a was obtained 
(23%) as a pale yellow solid in a manner similar to that described for the synthesis of 18a. 1H NMR (CDCl3) 
δ 2.67 (3H, s), 3.90 (3H, s), 7.36−7.41 (1H, m), 7.66−7.71 (2H, m), 7.73 (1H, d, J = 2.6 Hz). 
 
3-Acetyl-1-[2-fluoro-4-(trifluoromethoxy)phenyl]-5-methoxypyridazin-4(1H)-one (41b). Compound 41b 
was obtained (79%) as a pale yellow solid in a manner similar to that described for the synthesis of 18a. 1H 




1-(2-Fluoro-4-iodophenyl)-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)-pyridazin-4(1H)-one (42). A solution 
of 41a (2.02 g, 5.2 mmol) in DMFDMA (30 mL) was refluxed for 6 h. After cooling to room temperature, the 
reaction mixture was concentrated under reduced pressure. A solution of the residue and phenylhydrazine 
(1.54 mL, 15.6 mmol) in AcOH (20 mL) was refluxed for 2 h. After cooling to room temperature, the reaction 
mixture was concentrated under reduced pressure. The residue was diluted with EtOAc, washed successively 
with 1M HCl aq, 1 M NaOH aq, and brine, dried over MgSO4, and concentrated under reduced pressure. The 
residue was purified by column chromatography (silica gel, EtOAc) followed by recrystallization from EtOAc 
to give 42 (1.14 g, 45%) as a pale-yellow solid. 1HNMR(CDCl3) δ 3.90 (3H, s), 6.04 (1H, t, J = 8.5 Hz), 
7.30−7.47 (7H, m), 7.54 (1H, dd, J = 10.6, 1.9 Hz), 7.76 (1H, d, J = 2.3 Hz), 7.78 (1H, d, J = 2.3 Hz). 
 
1-[2-Fluoro-4-(trifluoromethyl)phenyl]-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one 
(43a). A suspension of 42 (244 mg, 0.5 mmol), methyl 2,2-fluoro-2-(fluorosulfonyl)acetate (0.318 mL, 2.5 
mmol), CuI (114 mg, 0.6 mmol), and HMPA (0.435 mL, 2.5 mmol) in DMF (2.5 mL) was stirred at 90 °C for 
24 h under Ar atmosphere. The mixture was poured into water and extracted with EtOAc. The organic layer 
was washed with brine, dried over MgSO4, and concentrated under reduced pressure. The residue was purified 
by column chromatography (basic silica gel, 50:50 hexane/EtOAc) followed by recrystallization from 
EtOAc/hexane to give 43a (71.7 mg, 33%) as an off-white solid; Mp 169−171 °C. 1H NMR (CDCl3) δ 3.92 
(3H, s), 6.42−6.47 (1H, m), 7.22−7.26 (1H, m), 7.37−7.49 (7H, m), 7.80 (1H, d, J = 1.9 Hz), 7.84 (1H, d, J = 
2.3 Hz). LC-MS (ESI) m/z 431 [M + H]+. Anal. Calcd for C21H14F4N4O2: C, 58.61; H, 3.28; N, 13.02. Found: 
C, 58.50; H, 3.36; N, 12.93. 
 
1-[2-Fluoro-4-(trifluoromethoxy)phenyl]-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one 
(43b). Compound 43b was obtained (66%) as a white solid in a manner similar to that described for the 
synthesis of 42. Mp 117−118 °C. 1H NMR (CDCl3) δ 3.90 (3H, s), 6.43 (1H, t, J = 8.7 Hz), 6.85−6.90 (1H, m), 
7.09 (1H, dd, J = 11.5, 1.7 Hz), 7.34 (1H, d, J = 1.9 Hz), 7.35−7.47 (5H, m), 7.77 (1H, d, J = 2.3 Hz), 7.78 
(1H, d, J = 1.9 Hz). LC-MS (ESI) m/z 447 [M + H]+. Anal. Calcd for C21H14F4N4O3: C, 56.51; H, 3.16; N, 





(43c). A suspension of 42 (244 mg, 0.5 mmol), morpholine (0.053 mL, 0.6 mmol), Pd2(dba)3 (18.3 mg, 0.02 
mmol), Xantphos (46.3 mg, 0.08 mmol), and NaOtBu (67.3 mg, 0.7 mmol) in 1,4-dioxane (2.5 mL) was 
stirred at 90 °C for 2 h under Ar atmosphere. The mixture was poured into water and extracted with EtOAc. 
The organic layer was washed with brine, dried over MgSO4, and concentrated under reduced pressure. The 
residue was purified by column chromatography (basic silica gel, EtOAc) followed by recrystallization from 
MeOH/water to give 43c (148 mg, 66%) as an off-white solid. Mp 226–228 °C. 1H NMR (CDCl3) δ 3.16–
3.19 (4H, m), 3.83–3.87 (4H, m), 3.89 (3H, s), 6.31 (1H, t, J = 9.0 Hz), 6.45 (1H, dd, J = 9.0, 2.6 Hz), 6.58 
(1H, dd, J = 14.7, 2.6 Hz), 7.26 (1H, d, J = 1.9 Hz), 7.33–7.45 (5H, m), 7.74 (1H, d, J = 2.3 Hz), 7.77 (1H, d, 
J = 1.9 Hz). LC-MS (ESI) m/z 448 [M + H]+.Anal. Calcd for C24H22FN5O3: C, 64.42; H, 4.96; N, 15.65. 
Found: C, 64.33; H, 4.98; N, 15.59. 
 
4-{3-Fluoro-4-[5-methoxy-4-oxo-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-1(4H)-yl]phenyl}morpholin-3-o
ne (43d). A suspension of 42 (244 mg, 0.5 mmol), 3-morpholinone (60.7 mg, 0.6 mmol), CuI (9.5 mg, 0.05 
mmol), trans-1,2-diaminocyclohexane (0.012 mL, 0.1 mmol), and K3PO4 (212 mg, 1.0 mmol) in 1,4-dioxane 
(2 mL) was refluxed for 6 h under Ar atmosphere. The mixture was poured into water and extracted with 
EtOAc. The organic layer was washed with brine, dried over MgSO4, and concentrated under reduced 
pressure. The residue was purified by column chromatography (basic silica gel, EtOAc) followed by 
recrystallization from MeOH/water to give 43d (136 mg, 59%) as a white solid. Mp 193–195 °C. 1H NMR 
(CDCl3) δ 3.75–3.79 (2H, m), 3.90 (3H, s), 4.04–4.07 (2H, m), 4.35 (2H, s), 6.41 (1H, t, J = 9.0 Hz), 7.00 (1H, 
ddd, J = 9.0, 2.3, 1.1 Hz), 7.31 (1H, d, J = 2.3 Hz), 7.33–7.46 (6H, m), 7.78–7.80 (2H, m). LC-MS (ESI) m/z 




(43e). Compound 43e was obtained (49%) as a yellow solid in a manner similar to that described for the 
synthesis of 43c. 1H NMR (CDCl3) δ 1.89–2.03 (4H, m), 3.16–3.30 (4H, m), 3.76 (3H, s), 6.29 (1H, dd, J = 
8.7, 2.6 Hz), 6.44 (1H, dd, J = 14.4, 2.6 Hz), 6.78–6.88 (1H, m), 6.91 (1H, d, J = 1.9 Hz), 7.26–7.48 (5H, m), 
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7.77 (1H, d, J = 1.5 Hz), 8.33 (1H, d, J = 1.9 Hz).; LC-MS (ESI) m/z 432 [M + H]+. Anal. Calcd for 
C24H22FN5O2: C, 66.81; H, 5.14; N, 16.23. Found: C, 66.89; H, 5.20; N, 16.16. 
 
1-[2-Fluoro-4-(2-oxopyrrolidin-1-yl)phenyl]-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-o
ne (43f). Compound 43f was obtained (33%) as a pale yellow solid in a manner similar to that described for 
the synthesis of 43d. Mp 200–202 ˚C. 1H NMR (CDCl3) δ 2.16–2.26 (2H, m), 2.62–2.68 (2H, m), 3.82–3.87 
(2H, m), 3.90 (3H, s), 6.40 (1H, t, J = 9.0 Hz), 7.10 (1H, ddd, J = 9.0, 2.3, 1.1 Hz), 7.30 (1H, d, J = 1.9 Hz), 
7.35–7.45 (5H, m), 7.77–7.83 (3H, m); LC-MS (ESI) m/z 446 [M + H]+. Anal. Calcd for C24H20FN5O3•0.25 
H2O: C, 64.06; H, 4.59; N, 15.59. Found: C, 64.08; H, 4.57; N, 15.49. 
 
1-[2-Fluoro-4-(2-oxo-1,3-oxazolidin-3-yl)phenyl]-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1
H)-one (43g). Compound 43g was obtained (71%) as a pale yellow solid in a manner similar to that described 
for the synthesis of 43d. Mp 218–220 °C. 1H NMR (CDCl3) δ 3.90 (3H, s), 4.03–4.08 (2H, m), 4.51–4.56 (2H, 
m), 6.42 (1H, t, J = 9.0 Hz), 7.01 (1H, ddd, J = 9.0, 2.3, 1.1 Hz), 7.30 (1H, d, J = 1.9 Hz), 7.35–7.45 (5H, m), 
7.66 (1H, dd, J = 13.6, 2.3 Hz), 7.78 (2H, d, J = 1.9 Hz). 13C NMR (CDCl3) δ 44.9, 56.5, 61.3, 106.5 (d, J = 
26.4 Hz), 111.4, 113.5 (d, J = 3.3 Hz), 124.2 (d, J = 7.7 Hz), 125.9, 126.1, 126.9 (d, J = 9.4 Hz), 127.4, 129.0, 
134.5, 139.6 (d, J = 10.5 Hz), 140.2, 141.8, 145.3, 150.1, 153.7 (d, J = 249.8 Hz), 154.6, 162.7. LC-MS (ESI) 




(43h). Compound 43h was obtained (8%) as a white solid in a manner similar to that described for the 
synthesis of 43d. Mp 235–236 °C. 1H NMR (CDCl3) δ 3.93 (3H, s), 6.49 (1H, t, J = 8.7 Hz), 7.03 (1H, ddd, J 
= 8.7, 2.3, 1.1 Hz), 7.22–7.27 (3H, m), 7.35 (1H, d, J = 1.9 Hz), 7.38–7.49 (5H, m), 7.80 (1H, d, J = 1.9 Hz), 
7.82 (1H, d, J = 2.6 Hz), 7.86 (1H, t, J = 1.1 Hz). LC-MS (ESI) m/z 429 [M + H]+. Anal. Calcd for 
C23H17FN6O2: C, 64.48; H, 4.00; N, 19.62. Found: C, 64.35; H, 3.90; N, 19.43. 
 
1-[2-Fluoro-4-(1H-pyrazol-1-yl)phenyl]-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one 
(43i). A suspension of 42 (4.88 g, 10 mmol), pyrazole (0.681 g, 10 mmol), Cu2O (0.143 g, 1 mmol), 
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salicylaldoxime (0.549 g, 4 mmol), and Cs2CO3 (6.52 g, 20 mmol) in CH3CN (100 mL) was refluxed for 5 h 
under Ar atmosphere. The mixture was poured into water and extracted with EtOAc. The organic layer was 
washed with brine, dried over MgSO4, and concentrated under reduced pressure. The residue was purified by 
column chromatography (basic silica gel, 33:67 hexane/THF) followed by recrystallization from EtOH/water 
to give 43i (1.90 g, 44%) as a pale yellow solid. Mp 214–216 °C. 1H NMR (CDCl3) δ 3.92 (3H, s), 6.44 (1H, t, 
J = 9.0 Hz), 6.53 (1H, dd, J = 2.3, 1.9 Hz), 7.30 (1H, ddd, J = 9.0, 2.3, 1.1 Hz), 7.34 (1H, d, J = 1.9 Hz), 7.37–
7.48 (5H, m), 7.61 (1H, dd, J = 12.4, 2.3 Hz), 7.76 (1H, d, J = 1.9 Hz), 7.79 (1H, d, J = 1.9 Hz), 7.82 (1H, d, J 
= 2.3 Hz), 7.92 (1H, d, J = 2.3 Hz). 13C NMR (CDCl3) δ 56.6, 107.5 (d, J = 25.9 Hz), 109.0, 111.5, 114.6 (d, J 
= 3.9 Hz), 124.0 (d, J = 8.3 Hz), 126.0, 126.7, 126.8, 127.5, 128.9 (d, J = 9.4 Hz), 129.1, 134.4, 140.3, 140.8 
(d, J = 9.9 Hz), 141.9, 142.3, 145.3, 150.0, 153.8 (d, J = 250.9 Hz), 162.8. LC-MS (ESI) m/z 429 [M + H]+. 
Anal. Calcd for C23H17FN6O2: C, 64.48; H, 4.00; N, 19.62. Found: C, 64.41; H, 4.00; N, 19.54. 
 
Diethyl (2-fluoro-6-nitrophenyl)malonate (45). A mixture of 2,3-difluoronitrobenzene (10.0 g, 62.9 mmol), 
diethyl malonate (10.5 mL, 69.1 mmol), and K2CO3 (16 g, 113 mmol) in DMF (200 mL) was stirred at 65 °C 
overnight. The mixture was acidified with 6 M HCl aq (50 mL) and extracted with EtOAc. The organic layer 
was washed with brine, dried over MgSO4, and concentrated under reduced pressure. The residue was purified 
by silica gel column chromatography with hexane/EtOAc (7:3) to give 45 (16.9 g, 90%) as a pale yellow oil. 
1H NMR (CDCl3) δ 1.28 (6H, t, J = 7.2 Hz), 4.27 (4H, q, J = 7.2 Hz), 5.23 (1H, d, J = 1.1 Hz), 7.39–7.47 (1H, 
m), 7.48–7.57 (1H, m), 7.87–7.91 (1H, m). 
 
(2-Fluoro-6-nitrophenyl)acetic acid (46). A mixture of 45 (16.9 g, 56.5 mmol), 6 M HCl aq (200 mL), and 
AcOH (100 mL) was refluxed for 6 h. The mixture was concentrated under reduced pressure. The residue was 
dissolved in EtOAc and washed with brine. The organic layer was dried over MgSO4 and concentrated under 
reduced pressure to give 46 (10.8 g, 96%) as a pale yellow solid. 1H NMR (CDCl3) δ 3.92 (2H, d, J = 1.5 Hz), 
7.54–7.77 (2H, m), 7.88–8.00 (1H, m), 12.77 (1H, brs). 
 
Methyl (2-fluoro-6-nitrophenyl)acetate (47). To a solution of 46 (10.8 g, 54.2 mmol) in MeOH (200 mL) 
was added dropwise thionyl chloride (5.9 mL, 81 mmol) at 0 °C. After stirring at room temperature for 3 h, 
the mixture was concentrated under reduced pressure. The residue was dissolved in EtOAc and filtered 
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through basic silica gel. The filtrate was concentrated under reduced pressure to give 47 (11.6 g, 100%) as a 
colorless oil. 1H NMR (CDCl3) δ 3.74 (3H, s), 4.07 (2H, d, J = 1.1 Hz), 7.36–7.52 (2H, m), 7.90–7.95 (1H, 
m). 
 
Methyl 2-(2-fluoro-6-nitrophenyl)-2-methylpropanoate (48a). To a solution of 47 (5.0 g, 23.5 mmol) in 
DMF (75 mL) was added portionwise NaH (2.3 g, 58.6 mmol) at 0 °C, and the mixture was stirred at 0 °C for 
5 min. To the mixture was added dropwise a solution of iodomethane (7.3 mL, 117 mmol) in THF (50 mL) at 
0 °C. After stirring at 0 °C for 2 h, the mixture was allowed to warm to rt and stirred at rt overnight. The 
mixture was quenched with water and extracted with EtOAc. The organic layer was washed with brine, dried 
over MgSO4 and concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography with hexane/EtOAc (9:1) to give 48a (4.3 g, 76%) as a pale yellow oil. 1H NMR (CDCl3) δ 
1.69 (3H, s), 1.70 (3H, s), 3.67 (3H, s), 7.21–7.45 (3H, m). 
 
Methyl 1-(2-fluoro-6-nitrophenyl)cyclobutanecarboxylate (48b). A solution of 47 (7.9 g, 37 mmol) in 
DMF (50 mL) was added dropwise to a suspension of NaH (3.3 g, 81 mmol) in DMF (150 mL) at 0 °C, and 
the mixture was stirred at 0 °C for 15 min. To the mixture was added dropwise a solution of 
1,3-dibromopropane (4.5 mL, 44 mmol) in THF (10 mL) at 0 °C. After stirring at 0 °C for 3 h, the mixture 
was neutralized with saturated NH4Cl aqueous solution at 0 °C and extracted with EtOAc. The organic layer 
was washed with water and brine, dried over MgSO4, and concentrated under reduced pressure. The residue 
was purified by silica gel column chromatography with hexane/EtOAc (9:1) to give 48b (3.1 g, 33%) as a 
white solid. 1H NMR (CDCl3) δ1.75–1.91 (1H, m), 2.37–2.54 (3H, m), 2.71–2.86 (2H, m), 3.77 (3H, s), 7.28–
7.41 (2H, m), 7.52–7.58 (1H, m). LC-MS (ESI) m/z 253 [M]+. 
 
4-Fluoro-3,3-dimethyl-1,3-dihydro-2H-indol-2-one (49a). A mixture of 48a (4.2 g, 17.5 mmol) and zinc (25 
g, 382 mmol) in AcOH (40 mL) was stirred at 100 °C for 2 days. The mixture was filtered, and the filtrate was 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography with 
hexane/EtOAc (8:2) to give 49a (2.9 g, 93%) as a white solid. 1H NMR (CDCl3) δ 1.51 (6H, s), 6.65–6.78 




4'-Fluorospiro[cyclobutane-1,3'-indol]-2'(1'H)-one (49b). A mixture of 48b (11.3 g, 44.6 mmol) and zinc 
(58.4 g, 892 mmol) in AcOH (150 mL) was stirred at 100 °C for 4 h. The mixture was filtered, and the filtrate 
was concentrated under reduced pressure. The residue was dissolved in EtOAc and washed with saturated 
NaHCO3 aqueous solution. The organic layer was dried over MgSO4 and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography with hexane/EtOAc (7:3) to give 49b (8.0 g, 
94%) as a white solid. 1H NMR (CDCl3) δ 2.28–2.43 (2H, m), 2.58–2.67 (4H, m), 6.64–6.81 (2H, m), 7.16 
(1H, td, J = 8.1, 5.7 Hz), 8.34 (1H, brs). LC-MS (ESI) m/z 192 (M+H)+. 
 
4-Fluoro-3,3-dimethyl-5-nitro-1,3-dihydro-2H-indol-2-one (50a). A solution of nitric acid (1.0 mL, 23.9 
mmol) in sulfuric acid (10 mL) was added dropwise to a solution of 49a (4.1 g, 22.7 mmol) in sulfuric acid 
(60 mL) at –30 °C, and the mixture was stirred at –30 °C to 0 °C for 30 min. The mixture was poured onto ice. 
The formed precipitate was collected by filtration, washed with water, and dissolved in EtOAc. The organic 
solution was washed with brine, dried over MgSO4, filtered and concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography with hexane/EtOAc (1:1) to give 49a (2.2 g, 43%) 
as an off-white solid. 1H NMR (CDCl3) δ 1.57 (6H, s), 6.84 (1H, d, J = 8.7 Hz), 8.10 (1H, dd, J = 8.7, 7.5 Hz), 
8.76 (1H, brs). 
 
4'-Fluoro-5'-nitrospiro[cyclobutane-1,3'-indol]-2'(1'H)-one (50b). A solution of nitric acid (1.8 mL, 43.9 
mmol) in sulfuric acid (15 mL) was added dropwise to a solution of 49b (8.0 g, 41.8 mmol) in sulfuric acid 
(80 mL) at –40 °C, and the mixture was warmed up to rt. After stirring for 4 h, the mixture was poured onto 
ice and extracted with EtOAc. The organic layer was washed with saturated NaHCO3 aqueous solution and 
brine, dried over MgSO4 and concentrated under reduced pressure. The residue was dissolved in THF and the 
solution was filtered through basic silica gel. The filtrate was concentrated under reduced pressure. The 
residue was recrystallized from EtOAc/hexane to give 50b (8.0 g, 81%) as a white solid. 1H NMR (DMSO-d6) 
δ 2.20–2.34 (2H, m), 2.39–2.67 (4H, m), 6.80–6.90 (1H, m), 8.05–8.16 (1H, m), 11.13 (1H, brs). 
 
4'-Fluoro-1'-methyl-5'-nitrospiro[cyclobutane-1,3'-indol]-2'(1'H)-one (51b). To a mixture of 50b (300 mg, 
1.27 mmol) and NaH (37 mg, 1.52 mmol) in DMF (10 mL) was added iodomethane (0.395 mL, 6.35 mmol) at 
0 °C. After stirring at rt for 1 h, the mixture was neutralized with saturated NH4Cl aqueous solution at 0 °C 
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and extracted with EtOAc. The organic layer was washed with water and brine, dried over MgSO4, and 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography with 
hexane/EtOAc (3:2) to give 51b (282 mg, 89%) as a white solid. 1H NMR (CDCl3) δ 2.34–2.49 (2H, m), 
2.56–2.75 (4H, m), 3.24 (3H, s), 6.68 (1H, d, J = 8.7 Hz), 8.14 (1H, dd, J = 8.7, 7.5 Hz). LC-MS (ESI) m/z 
250 [M + H]+. 
 
4-Fluoro-1-isopropyl-3,3-dimethyl-5-nitro-1,3-dihydro-2H-indol-2-one (51c). Compound 51c was 
obtained (62%) as colorless crystals in a manner similar to that described for compound 51b. 1H NMR 
(CDCl3) δ 1.47–1.52 (12H, m), 4.62 (1H, dt, J = 14.1, 7.1 Hz), 6.87 (1H, d, J = 9.1 Hz), 8.11 (1H, dd, J = 8.9, 
7.7 Hz). 
 
1-Cyclobutyl-4-fluoro-3,3-dimethyl-5-nitro-1,3-dihydro-2H-indol-2-one (51d). Diethyl azodicarboxylate 
in toluene solution (1.48 mL, 3.75 mmol) was added dropwise to a solution of 50a (300 mg, 1.34 mmol), 
cyclobutanol (0.136 mL, 1.74 mmol) and triphenylphosphine (702 mg, 2.68 mmol) in THF (15 mL) at 0 °C. 
After stirring at rt under N2 atmosphere for 5 h, the mixture was quenched with water at 0 °C and extracted 
with EtOAc. The organic layer was washed with brine, dried over MgSO4, and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography with hexane/EtOAc (1:1) to give 51d 
(200 mg, 54%) as a colorless oil. LC-MS (ESI) m/z 279 [M + H]+. 
 
1-(Cyclopropylmethyl)-4-fluoro-3,3-dimethyl-5-nitro-1,3-dihydro-2H-indol-2-one (51e). Compound 51e 
was obtained (85%) as a colorless oil in a manner similar to that described for compound 51b. 1H NMR 
(CDCl3) δ 0.35–0.43 (2H, m), 0.52–0.61 (2H, m), 1.08–1.20 (1H, m), 1.53 (6H, s), 3.63 (2H, d, J = 6.8 Hz), 
6.81 (1H, d, J = 8.7 Hz), 8.14 (1H, dd, J = 8.7, 7.5 Hz). LC-MS (ESI) m/z 279 [M + H]+. 
 
5-Amino-4-fluoro-3,3-dimethyl -1,3-dihydro-2H-indol-2-one (52a). A mixture of 50a (0.23 g, 1.03 mmol) 
and 5% Pd/C (0.15 g) in MeOH (20 mL) was stirred at rt overnight under H2 atmosphere. The catalyst was 
removed by filtration, and the filtrate was concentrated under reduced pressure to give 52a (0.19 g, 95%) as a 
pale red solid. 1H NMR (CDCl3) δ 1.49 (6H, s), 3.52 (2H, brs), 6.52 (1H, d, J = 8.3 Hz), 6.64 (1H, t, J = 8.3 




5.17. 5'-Amino-4'-fluoro-1'-methylspiro[cyclobutane-1,3'-indol]-2'(1'H)-one (52b). Compound 52b was 
obtained (63%) as a white solid in a manner similar to that described for compound 52a. 1H NMR (CDCl3) δ 
2.27–2.43 (2H, m), 2.50–2.69 (4H, m), 3.13 (3H, s), 3.57 (2H, brs), 6.39 (1H, d, J = 8.3 Hz), 6.64–6.73 (1H, 
m). LC-MS (ESI) m/z 221 [M + H]+. 
 
5-Amino-4-fluoro-1-isopropyl-3,3-dimethyl-1,3-dihydro-2H-indol-2-one (52c). Compound 52c was 
obtained (79%) as a white solid in a manner similar to that described for compound 52a. 1H NMR (CDCl3) δ 
1.40–1.47 (12H, m), 3.53 (2H, brs), 4.58 (1H, quin, J = 7.1 Hz), 6.57–6.70 (2H, m). 
 
5-Amino-1-cyclobutyl-4-fluoro-3,3-dimethyl-1,3-dihydro-2H-indol-2-one (52d). Compound 52d was 
obtained (86%) as a white solid in a manner similar to that described for compound 52a. LC-MS (ESI) m/z 
249 [M + H]+. 
 
5-Amino-1-(cyclopropylmethyl)-4-fluoro-3,3-dimethyl-1,3-dihydro-2H-indol-2-one (52e). Compound 52e 
was obtained (94%) as a white solid in a manner similar to that described for compound 52a. 1H NMR 
(CDCl3) δ 0.30–0.40 (2H, m), 0.44–0.55 (2H, m), 1.07–1.19 (1H, m), 1.43–1.48 (6H, m), 3.41–3.67 (4H, m), 
6.53 (1H, d, J = 7.9 Hz), 6.64–6.72 (1H, m). LC-MS (ESI) m/z 249 [M + H]+. 
 
Methyl 2-[(4-fluoro-3,3-dimethyl-2-oxo-2,3-dihydro-1H-indol-5-yl)hydrazono]-4-methoxy-3- 
oxobutanoate (53). A solution of sodium nitrite (0.081 g, 1.17 mmol) in water (1 mL) was added dropwise to 
a solution of 52a (0.19 g, 0.978 mmol) in 6 M HCl aq (2 mL) at 0 °C. After stirring at 0 °C for 15 min, the 
mixture was added to a suspension of methyl 4-methoxyacetoacetate (0.127 mL, 0.978 mmol) and sodium 
acetate (1.0 g, 12.19 mmol) in MeOH (5 mL) at 0 °C. The formed precipitate was dissolved in EtOAc, and the 
solution was washed with water and saturated NaHCO3 aqueous solution. The organic layer was dried over 
MgSO4, and concentrated under reduced pressure to give 53 (0.25 g, 73%) as a yellow solid. 1H NMR 
(CDCl3) δ 1.54 (6H, s), 3.51 (3H, s), 3.88 (3H × 1/2, s), 3.93 (3H × 1/2, s), 4.66 (2H × 1/2, s), 4.69 (2H × 1/2, 
s), 6.78 (1H, d, J = 8.3 Hz), 7.48 (1H × 1/2, t, J = 7.9 Hz), 7.72 (1H × 1/2, t, J = 8.1 Hz), 7.88 (1H × 1/2, brs), 





dihydropyridazine-3-carboxylate (54). A mixture of 53 (4.02 g, 11.44 mmol) and DMFDMA (8.0 mL, 53.8 
mmol) in CH3CN (40 mL) was refluxed overnight. The mixture was concentrated under reduced pressure. The 
residue was purified by basic silica gel column chromatography with EtOAc/MeOH (95:5) to give 54 (2.40 g, 
56%) as pale yellow crystals. 1H NMR (CDCl3) δ 1.53 (6H, s), 3.27 (3H, s), 3.93 (3H, s), 3.98 (3H, s), 6.78 
(1H, d, J = 8.3 Hz), 7.52 (1H, dd, J = 8.3, 7.5 Hz), 7.72 (1H, d, J = 2.3 Hz). 
 
1-(4-Fluoro-1,3,3-trimethyl-2-oxo-2,3-dihydro-1H-indol-5-yl)-5-methoxy-4-oxo-1,4-dihydropyridazine-3
-carboxylic acid (55). To a solution of 54 (2.60 g, 6.93 mmol) in MeOH (30 mL) was added 1 M NaOH aq 
(14 mL, 14 mmol). After stirring at rt for 2 h, the mixture was acidified with 1 M HCl aq, and partitioned 
between EtOAc and water. The organic layer was dried over MgSO4, and concentrated under reduced pressure 
to give 55 (2.50 g, 100%) as a colorless oil. 1H NMR (DMSO-d6) δ 1.43 (6H, s), 3.22 (3H, s), 3.90 (3H, s), 
7.15 (1H, d, J = 8.3 Hz), 7.75 (1H, t, J = 8.1 Hz), 8.88 (1H, s). 
 
1-(4-Fluoro-1,3,3-trimethyl-2-oxo-2,3-dihydro-1H-indol-5-yl)-N,5-dimethoxy-N-methyl-4-oxo-1,4-dihyd
ropyridazine-3-carboxamide (56). To a suspension of 55 (0.50 g, 1.38 mmol) in THF (10 mL) was added 
1,1'-carbonyldiimidazole (0.247 g, 1.52 mmol) at rt, and the mixture was stirred at 50 °C for 2 h. To the 
mixture were added N,O-dimethylhydroxylamine hydrochloride (0.20 g, 2.08 mmol) and DIPEA (0.363 mL, 
2.08 mmol) at rt. After stirring at rt overnight, the mixture was acidified with 1 M HCl aq and partitioned 
between EtOAc and water. The organic layer was washed with brine, dried over MgSO4, and concentrated 
under reduced pressure to give 56 (0.34 g, 61%) as a yellow solid. 1H NMR (CDCl3) δ 1.52 (6H, s), 3.26 (3H, 




(57). To a solution of 56 (0.34 g, 0.841 mmol) in THF (10 mL) was added dropwise methylmagnesium 
bromide in THF (1 mol/L, 4.0 mL, 4.00 mmol) at –78 °C, and the mixture was stirred at –78 °C for 2 h. The 
mixture was quenched with 1 M HCl aq at –78 °C, and partitioned between EtOAc and water. The organic 
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layer was dried over MgSO4 and concentrated under reduced pressure to give 57 (0.20 g, 66%) as a yellow 
solid. 1H NMR (CDCl3) δ 1.53 (6H, s), 2.69 (3H, s), 3.27 (3H, s), 3.93 (3H, s), 6.80 (1H, d, J = 8.3 Hz), 7.53 
(1H, t, J = 7.9 Hz), 7.72 (1H, d, J = 2.3 Hz). 
 
5-{3-[3-(Dimethylamino)prop-2-enoyl]-5-methoxy-4-oxopyridazin-1(4H)-yl}-4-fluoro-1,3,3-trimethyl-1,3
-dihydro-2H-indol-2-one (58). A mixture of 57 (0.20 g, 0.557 mmol) and DMFDMA (1.0 mL, 7.47 mmol) in 
CH3CN (5 mL) was refluxed for 1 h. The mixture was concentrated under reduced pressure to give 58 as a 
brown oil. This product was used in a next step without further purification. 
 
4-Fluoro-5-[5-methoxy-4-oxo-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-1(4H)-yl]-1,3,3-trimethyl-1,3-dihy
dro-2H-indol-2-one (59a). To a suspension of 58 in EtOH (10 mL) was added dropwise a solution of 
phenylhydrazine (0.061 mL, 0.613 mmol) in 10% TFA/EtOH (10 mL) at 0 °C. After stirring at rt overnight, 
the mixture was concentrated under reduced pressure. The residue was purified by basic silica gel column 
chromatography with EtOAc/MeOH (95:5) and recrystallized from EtOAc/heptane to give 59a (70 mg, 27% 
in 2 steps) as a pale yellow solid. Mp 236–238 °C. 1H NMR (DMSO-d6) δ 1.37 (6H, s), 3.17 (3H, S), 3.78 
(3H, s), 6.92–6.96 (2H, m), 7.14 (1H, t, J = 8.1 Hz), 7.28–7.47 (5H, m), 7.78 (1H, d, J = 1.5 Hz), 8.45 (1H, d, 
J = 1.5 Hz). LC-MS (ESI) m/z 460 [M + H]+. Anal. Calcd for C25H22FN5O3: C, 65.35; H, 4.83; N, 15.24. 
Found: C, 65.22; H, 4.86; N, 15.19. 
 
1-Methoxy-3-(1-phenyl-1H-pyrazol-5-yl)propan-2-ol (61). To a solution of 60 (13.75 mL, 104 mmol) in 
THF (450 ml) was added dropwise 1.6 M n-butyllithium in hexane (98 mL, 156 mmol) at –78 °C. The 
mixture was stirred at –78 °C for 1 h. To the mixture was added 2-(methoxymethyl)oxirane (27.8 mL, 312 
mmol) at –78 °C, and the mixture was stirred at rt for 1 h. The mixture was neutralized with 1 M HCl aq (150 
mL) and extracted with EtOAc. The organic layer was concentrated under reduced pressure. The residue was 
purified by silica gel column chromatography with hexane/EtOAc to give 61 (12.20 g, 51%) as a light brown 
oil. 1H NMR (CDCl3) δ 2.33 (1H, d, J = 4.1 Hz), 2.88 (2H, dd, J = 6.6, 3.2 Hz), 3.19-3.28 (1H, m), 3.33 (3H, 




1-Methoxy-3-(1-phenyl-1H-pyrazol-5-yl)acetone (62). To a solution of DMSO (14.2 mL, 200 mmol) in 
THF (100 mL) was added trifluoroacetic anhydride (8.5 mL, 60 mmol) at –42 to –46 °C over 15 min. The 
mixture was stirred at –46 °C for 15 min. To the solution was added a solution of 61 (9.3 g, 40 mmol) in THF 
(66 mL) dropwise at –42 to –46 °C over 1 h, and the mixture was stirred at 0 °C for 15 min. To the mixture 
was added TEA (22.3 ml, 160 mmol) dropwise at 0 to 10 °C over 15 min, and the mixture was stirred at 0 °C 
for 1 h. The mixture was quenched with 10% Na2CO3 aqueous solution (160 mL) and extracted with EtOAc. 
The organic layer was concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography with hexane/EtOAc to give 62 (4.0 g, 43%) as a light brown oil. 1H NMR (CDCl3) δ 3.33 
(3H, s), 3.88 (2H, s), 3.95 (2H, s), 6.34 (1H, d, J = 1.9 Hz), 7.35–7.52 (5H, m), 7.66 (1H, d, J = 1.9 Hz). 
 
4'-Fluoro-5'-{2-[3-methoxy-2-oxo-1-(1-phenyl-1H-pyrazol-5-yl)propylidene]hydrazino}-1'-methylspiro[c
yclobutane-1,3'-indol]-2'(1'H)-one (63b). Compound 63b was obtained by the reaction of 52b with 62 in a 
manner similar to that described for compound 53. This product was used in a next step without further 
purification. LC-MS (ESI) m/z 462 [M + H]+. 
 
4-Fluoro-1-isopropyl-5-{2-[3-methoxy-2-oxo-1-(1-phenyl-1H-pyrazol-5-yl)propylidene]hydrazino}-3,3-d
imethyl-1,3-dihydro-2H-indol-2-one (63c). Compound 63c was obtained by the reaction of 52c with 62 in a 
manner similar to that described for compound 53. This product was used in a next step without further 
purification. LC-MS (ESI) m/z 478 [M + H]+. 
 
1-Cyclobutyl-4-fluoro-5-{2-[3-methoxy-2-oxo-1-(1-phenyl-1H-pyrazol-5-yl)propylidene]hydrazino}-3,3-
dimethyl-1,3-dihydro-2H-indol-2-one (63d). Compound 63d was obtained by the reaction of 52d with 62 in 




zino}-3,3-dimethyl-1,3-dihydro-2H-indol-2-one (63e). Compound 63e was obtained by the reaction of 52e 
with 62 in a manner similar to that described for compound 53. This product was used in a next step without 





tane-1,3'-indol]-2'(1'H)-one (59b). Compound 59b was obtained (35%) as an off-white solid in a manner 
similar to that described for compound 54. 1H NMR (DMSO-d6) δ 2.19–2.32 (2H, m), 2.40–2.60 (4H, m), 
3.14 (3H, s), 3.79 (3H, s), 6.87 (1H, d, J = 8.3 Hz), 6.97 (1H, d, J = 1.5 Hz), 7.08 (1H, t, J = 7.9 Hz), 7.29–
7.47 (5H, m), 7.79 (1H, d, J = 1.9 Hz), 8.49 (1H, d, J = 1.5 Hz). LC-MS (ESI) m/z 472 [M + H]+. Anal. Calcd 
for C26H22FN5O3: C, 66.23; H, 4.70; N, 14.85. Found: C, 66.27; H, 4.93; N, 14.59. 
 
4-Fluoro-1-isopropyl-5-[5-methoxy-4-oxo-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-1(4H)-yl]-3,3-dimethyl
-1,3-dihydro-2H-indol-2-one (59c). Compound 59c was obtained (35%) as an off-white solid in a manner 
similar to that described for compound 54. Mp 225–226 °C. 1H NMR (DMSO-d6) δ 1.43–1.49 (12H, m), 3.91 
(3H, s), 4.58 (1H, quin, J = 7.0 Hz), 6.34–6.44 (1H, m), 6.61 (1H, d, J = 8.7 Hz), 7.24 (1H, d, J = 1.9 Hz), 
7.34–7.48 (5H, m), 7.72 (1H, d, J = 2.3 Hz), 7.78 (1H, d, J = 1.9 Hz). LC-MS (ESI) m/z 488 [M + H]+. Anal. 
Calcd for C27H26FN5O3: C, 66.52; H, 5.38; N, 14.37. Found: C, 66.45; H, 5.36; N, 14.31. 
 
1-Cyclobutyl-4-fluoro-5-[5-methoxy-4-oxo-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-1(4H)-yl)-3,3-dimeth
yl-1,3-dihydro-2H-indol-2-one (59d). Compound 59d was obtained (6%) as a white solid in a manner similar 
to that described for compound 54. 1H NMR (CDCl3) δ 1.44 (6H, s), 1.80–2.02 (2H, m), 2.29–2.45 (2H, m), 
2.69–2.87 (2H, m), 3.91 (3H, s), 4.66 (1H, quin, J = 8.9 Hz), 6.43 (1H, t, J = 8.3 Hz), 6.68 (1H, d, J = 8.7 Hz), 
7.25 (1H, d, J = 1.9 Hz), 7.35-7.46 (5H, m), 7.72 (1H, d, J = 2.3 Hz), 7.78 (1H, d, J = 1.9 Hz). LC-MS (ESI) 
m/z 500 [M + H]+. 
 
1-(Cyclopropylmethyl)-4-fluoro-5-[5-methoxy-4-oxo-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-1(4H)-yl)-3,
3-dimethyl-1,3-dihydro-2H-indol-2-one (59e). Compound 59e was obtained (42%) as a white solid in a 
manner similar to that described for compound 54. Mp 175–176 °C. 1H NMR (CDCl3) δ 0.33–0.42 (2H, m), 
0.50–0.59 (2H, m), 1.04–1.17 (1H, m), 1.47 (6H, s), 3.59 (2H, d, J = 7.2 Hz), 3.92 (3H, s), 6.37–6.45 (1H, m), 
6.52–6.58 (1H, m), 7.35–7.47 (6H, m), 7.73 (1H, d, J = 2.3 Hz), 7.78 (1H, d, J = 1.9 Hz). 13C NMR (CDCl3) 
δ3.8, 9.6, 22.8, 44.6, 44.7 (d, J = 2.2 Hz), 56.6, 104.8 (d, J = 3.3 Hz), 111.3, 122.1 (d, J = 18.7 Hz), 124.7 (d, J 
= 5.5 Hz), 125.9, 125.9, 126.7 (d, J = 10.5 Hz), 127.3, 129.0, 134.6, 140.3, 141.7, 144.6 (d, J = 9.9 Hz), 145.5, 
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150.1, 151.0 (d, J = 252 Hz), 162.6, 180.2. LC-MS (ESI) m/z 500 [M + H]+. Anal. Calcd for C28H26FN5O3: C, 
67.32; H, 5.25; N, 14.02. Found: C, 67.26; H, 5.36; N, 13.84. 
 
Methyl 2-[(4-iodophenyl)hydrazono]-4-methoxy-3-oxobutanoate (65). Compound 65 was obtained (78%) 
as a yellow-brown solid in a manner similar to that described for the synthesis of 15a. 1H NMR (CDCl3) δ 
3.50 (3H, s), 3.92 (3H, s), 4.64 (2H, s), 7.05–7.10 (2H, m), 7.68–7.73 (2H, m), 12.91 (1H, s). 
 
Methyl 1-(4-iodophenyl)-5-methoxy-4-oxo-1,4-dihydropyridazine-3-carboxylate (66). A mixture of 65 
(10.0 g, 26.6 mmol), DMFDMA (50 mL), and CH3CN (50 mL) was refluxed for 2 h. The mixture was 
concentrated to half its volume under reduced pressure. The precipitate was collected by filtration and washed 
with EtOAc. The filtrate was concentrated under reduced pressure, and the residue was washed with 
EtOAc/MeOH (9/1). The combined solid was dried at 60 °C under reduced pressure to give 66 (7.2 g, 70%) as 
a beige solid. 1H NMR (CDCl3) δ 3.96 (3H, s), 3.97 (3H, s), 7.38 (2H, d, J = 9.0 Hz), 7.86 (2H, d, J = 9.0 Hz), 
7.90 (1H, s). 
 
1-(4-Iodophenyl)-5-methoxy-4-oxo-1,4-dihydropyridazine-3-carboxylic acid (67). Compound 67 was 
obtained (97%) as a brown solid in a manner similar to that described for the synthesis of 7. 1H NMR 
(DMSO-d6) δ 3.97 (3H, s), 7.69 (2H, d, J = 9.0 Hz), 8.02 (2H, d, J = 9.0 Hz), 8.90 (1H, s), 15.10 (1H, brs). 
 
3-Acetyl-1-(4-iodophenyl)-5-methoxypyridazin-4(1H)-one (69). A solution of 67 (1.00 g, 2.69 mmol), 
Meldrum's acid (0.387 g, 2.69 mmol), WSC·HCl (0.515 g, 2.69 mmol), and DMAP (0.328 g, 2.69 mmol) in 
DMF (10 mL) was stirred at room temperature for 3 days. The mixture was diluted with brine, acidified with 1 
M HCl aq (3 mL), and extracted with EtOAc. The organic layer was dried over MgSO4 and concentrated 
under reduced pressure to give 68. A mixture of 68, AcOH (10 mL), and water (10 mL) was refluxed 
overnight. The mixture was concentrated under reduced pressure, and the residue was partitioned between 
EtOAc and water. The organic layer was dried over MgSO4, passed through a silica gel pad, and concentrated 
under reduced pressure to give 69 (0.37 g, 37%) as a yellow solid. 1H NMR (CDCl3) δ 2.69 (3H, s), 3.95 (3H, 




1-(4-Iodophenyl)-5-methoxy-3-(1-phenyl-1H-pyrazol-5-yl)pyridazin-4(1H)-one (70). A mixture of 69 (370 
mg, 1.0 mmol), DMFDMA (2 mL), and CH3CN (5 mL) was refluxed for 1 h. After cooling to room 
temperature, the mixture was concentrated under reduced pressure. To a suspension of the residue in EtOH (10 
mL) was added dropwise a solution of phenylhydrazine (0.109 mL, 1.1 mmol) and TFA (1 mL) in EtOH (9 
mL) at 0 °C. After stirring at room temperature overnight, the mixture was concentrated under reduced 
pressure. The residue was washed with EtOAc to give 70 (170 mg, 36%) as a yellow solid. The washing was 
concentrated under reduced pressure, and the residue was purified by column chromatography (basic silica gel, 
90:10 hexane/EtOAc to 30:70 hexane/EtOAc) to give an additional crop of 70 (65 mg, 14%) as a yellow solid. 
1H NMR (DMSO-d6) δ 3.87 (3H, s), 6.97 (2H, d, J = 9.1 Hz), 7.15 (1H, d, J = 1.9 Hz), 7.33–7.38 (2H, m), 
7.42–7.51 (3H, m), 7.72 (2H, d, J = 9.1 Hz), 7.80 (1H, d, J = 1.9 Hz), 8.54 (1H, s). 
 
5-Methoxy-3-(1-phenyl-1H-pyrazol-5-yl)-1-[4-(1H-pyrazol-1-yl)phenyl]pyridazin-4(1H)-one (71). 
Compound 71 was obtained (14%) as a yellow solid in a manner similar to that described for the synthesis of 
43i. Mp 218-219 °C. 1H NMR (DMSO-d6) δ 3.90 (3H, s), 6.59 (1H, s), 7.17 (1H, d, J = 1.5 Hz), 7.29 (2H, d, J 
= 8.7 Hz), 7.35–7.42 (2H, m), 7.46–7.51 (3H, m), 7.75–7.87 (4H, m), 8.60 (2H, s). 13C NMR (CDCl3) δ 56.8, 
108.4, 111.6, 119.6, 120.7, 121.1, 126.0, 126.7, 127.5, 129.2, 134.5, 139.4, 140.3, 141.1, 141.8, 142.0, 144.3, 
151.0, 162.9. LC-MS (ESI) m/z 411 [M + H]+. Anal. Calcd for C23H18N6O2: C, 67.31; H, 4.42; N, 20.48. 
Found: C, 67.02; H, 4.46; N, 20.36. 
 
薬理作用および薬物動態の評価方法 
Enzyme Assay Protocol. Human PDE1A, 3A, 4D2, 5A1, 7B, 8A1, 9A2, and 11A4 enzymes were purchased 
from BPS Bioscience. Human PDE6AB enzyme was purchased from Scottish Biomedical. Human PDE2A3 
was generated from Sf9 transfected with the full-length gene in house. Human PDE10A2 was generated from 
COS-7 cells transfected with the full-length gene. The enzymes were stored at −70 °C until use. PDE activities 
were measured using an SPA (PerkinElmer). To evaluate the inhibitory activity, 10 μL of serial diluted 
compounds were incubated with 20 μL of PDE enzyme except for PDE1A in assay buffer (50 mM 
HEPES-NaOH, 8.3 mM MgCl2, 1.7 mM EGTA, and 0.1% bovine serum albumin (BSA) (pH 7.4)) for 30 min 
at rt. PDE1A enzyme assay was performed in assay buffer (50 mM Tris-HCl, 8.3 mM MgCl2, 0.2 mM CaCl2, 
0.1% BSA, and 30 nM Calmodulin (pH 7.5)). Final concentration of DMSO in the assay was 1 percent as 
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compounds were tested in duplicate or triplicate in 96-well half-area plates (Corning). To start the reaction, 10 
μL of substrate [3H]cGMP (PerkinElmer) for PDE1A, 2A3, 5A1, 6AB, 9A2, 10A2, and 11A4 or [3H]cAMP 
(PerkinElmer) for PDE3A, 4D2, 7B, and 8A1 was added for a final assay volume of 40 μL. After 60 min 
incubation at rt, 20 μL of 20 mg/mL yttrium SPA beads containing ZnSO4 was added to terminate the PDE 
reaction. After being settled for more than 120 min, the assay plate was counted in a scintillation counter 
(PerkinElmer) to allow calculation of inhibition rate. Inhibition rate was calculated on the basis of 0% control 
wells with DMSO and 100% control wells with enzyme plus 10 μM papaverine (Wako Pure Chemical 
Industries) for PDE10A2 or without enzymes for the other PDEs. IC50 values were determined by logistic 
curve fitting using nonlinear least-squares regression analysis. The calculation was carried out using either 
SAS System (SAS Institute Inc., Cary, NC, USA) for compound 43i or XLfit software (IDBS, Guildford, UK) 
for the other compounds. Counterscreening of the activity of compound 43i against a panel of 96 ion channels, 
receptors, and enzymes was performed at MDS Pharma Services (now Ricerca Biosciences, Taipei, Taiwan), 
in which compound 43i was evaluated for its percentage activity at 10 μM. 
 
Metabolic Clearance Assay. In vitro oxidative metabolic studies of the tested compounds were carried out 
using hepatic microsomes obtained from humans. The reaction mixture with a final volume of 0.05 mL 
consists of 0.2 mg/mL hepatic microsome in 50 mM KH2PO4−K2HPO4 phosphate buffer (pH 7.4) and 1 μM 
test compound. The reaction was initiated by the addition of an NADPH-generating system containing 50 mM 
MgCl2, 50 mM glucose 6-phosphate, 5 mM β-NADP+, and 15 unit/mL glucose 6-phosphate dehydrogenase at 
10% volume of reaction mixture. After the addition of the NADPH-generating system, the mixture was 
incubated at 37 °C for 0, 15, and 30 min. The reaction was terminated by the addition of an equivalent volume 
of CH3CN. After the samples were mixed and centrifuged, the supernatant fractions were analyzed using 
liquid chromatography tandem mass spectrometry. For metabolic clearance determinations, chromatograms 
were analyzed for parent compound disappearance rate from the reaction mixtures. All incubations were made 
in duplicate. 
 
Transcellular Transport Study Using Transporter-Expression System. Human MDR1-expressing 
LLC-PK1 cells were cultured with minor modification as reported previously.76 The transcellular transport 
study was performed as reported previously.77 In brief, the cells were grown for 7 days in HTS Transwell® 96 
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well permeable support (pore size 0.4 μm, 0.143 cm2 surface area) with polyethylene terephthalate membrane 
(Corning Life Sciences, Lowell, MA, USA) at a density of 1.125 × 105 cells/well. The cells were preincubated 
with M199 at 37 °C for 30 min. Subsequently, transcellular transport was initiated by the addition of M199 
either to apical compartments (75 μL) or to the basolateral compartments (250 μL) containing 10 μM digoxin, 
200 μM lucifer yellow as a marker for the tightness of monolayer, and 10 μM test compounds and terminated 
by the removal of each assay plate after 2 h. The aliquots (25 μL) in the opposite compartments were mixed 
with CH3CN containing alprenolol and diclofenac as an internal standard and then centrifuged. The 
supernatants were diluted with 10 mM ammonium formate/formic acid (500: 1, v/v) and measured in a 
LC-MS/MS analysis (API4000, AB SCIEX, Foster City, CA, USA). The apparent permeability (Papp) of test 
compounds in the receiver wells was determined and the efflux ratio (ER) for MDR1 membrane permeability 
test was calculated using the following equation: 
     ER = Papp, BtoA/Papp, AtoB 
where Papp, AtoB is the apical-to-basal passive permeability-surface area product and Papp, BtoA is the 
basal-to-apical passive permeability-surface area product. 
 
Measurement of Cyclic Nucleotide Contents in the Mouse Striatum. 
Animals. Five-week-old male ICR mice were supplied by CLEA Japan Inc. (Tokyo, Japan). The mice were 
housed in groups of 4/cage in a light controlled room (12 h light/dark cycle with lights on at 07:00). After at 
least a one-week acclimation period, six-week-old animals were used for the experiment. The care and use of 
the animals and the experimental protocols used in this research were approved by the Experimental Animal 
Care and Use Committee of Takeda Pharmaceutical Company, Ltd. 
Measurements. Compounds 59e and 43i were respectively suspended in 0.5% (w/v) methylcellulose in 
distilled water. Male ICR mice were sacrificed by a focused microwave irradiation system MMW-05 
(Muromachi Kikai, Tokyo, Japan) 60 min after oral administration of compounds 59e and 43i (20 mL/kg body 
weight for mice), respectively. Brain tissues were isolated and then sonicated in 0.5 M HCl aq followed by 
centrifugation. Concentrations of cyclic nucleotides in the supernatant were measured using enzyme 
immunoassay kits (Cayman Chemical Company, Ann Arbor, MI). 
 
Effects of Compounds 43i and 59e on PCP-Induced Hyperlocomotion in Mice. 
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Animals. Homozygous PDE10A-knockout and their wild type littermate mice were purchased from Taconic 
Farms, Inc. (Hudson, NY), and backcrossed to C57BL/6 background. Sixteen-week-old male animals were 
used for the experiment. The mice were housed in groups of 4/cage in a light controlled room (12 h light/dark 
cycle with lights on at 07:00). Food and water were provided ad libitum. The care and use of the animals and 
the experimental protocols used in this research were approved by the Experimental Animal Care and Use 
Committee of Takeda Pharmaceutical Company, Ltd. 
Measurements. Compounds 59e and 43i were respectively suspended in 0.5% (w/v) methylcellulose in 
distilled water. Compounds 59e and 43i were respectively administered orally (po). PCP hydrochloride (Lot 
No. 010M4010) purchased from Sigma Aldrich, Inc. (USA) was dissolved in saline, and was administered 
subcutaneously (sc). All compounds were dosed in a volume of 20 mL/kg body weight. Hyperlocomotion was 
measured using a spontaneous motor analyzer MDC system (BrainScience idea. Co. Ltd., Japan). Mice were 
placed in locomotor chambers for more than 60 min for habituation. Animals were removed from each 
chamber and treated with either vehicle, compounds 59e or 43i, and then quickly returned to the chamber. The 
following doses were used: 0.1, 0.3, and 1.0 mg/kg, po. Sixty minutes after treatment with compound 59e or 
43i, animals were again removed from the chambers and treated with either vehicle (saline) or PCP (5 mg/kg 
as a salt, sc), and then quickly transferred to the test chamber. Activity counts were recorded in successive 
1-min bins and the total number counts were determined for the 120 min period after PCP administration. 
 
Expression, Purification, Crystallization, and Structure Determination. Human PDE10A catalytic domain 
(residues 442−779) for crystallographic study was prepared as a fusion protein to SUMO (LifeSensors). The 
SUMO-PDE10A protein was cloned into a pET-15b vector to acquire a 6× histidine tag at the N-terminus. 
The histidine-tagged SUMO-PDE10A fused protein was expressed in Rosetta (DE3) pLysS cells (Novagen). 
Following the addition of 1 mMIPTG, the cells were grown at 24 °C for 5 h. Harvested cells were lysed with 
lysozyme, followed by microfluidization at 150 MPa. Cell debris was removed by centrifugation at 21612g 
for 30 min, and the supernatant was incubated with Ni-NTA resin. The PDE10A bound resin was washed with 
a wash buffer (50 mM Tris-HCl (pH 8.0), 10% glycerol, 300 mM NaCl, and 20 mM imidazole) and eluted 
with the wash buffer containing 250 mM imidazole. The eluted histidine-tagged SUMO-PDE10A catalytic 
domain was further purified on a Superdex 200 column in TBS (pH 7.4), 0.5 mM DTT, 1 mM EDTA, and 
10% glycerol as a basal buffer. After SUMO cleavage with SUMO protease, the digested protein sample was 
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passed through a Ni-NTA column to remove histidine-tagged SUMO fragment, followed by size-exclusion 
chromatography using a Superdex 200 column in the basal buffer. Subsequently, the purified catalytic domain 
was further treated with a mono Q column at pH 8.0 and followed by buffer exchange to the basal buffer by a 
Sephadex G25. The purified PDE10A catalytic domain was concentrated by ultrafiltration to approximately 
19.5 mg/mL and stored at −80 °C until use. Crystals were obtained using the sitting-drop vapor-diffusion 
method by mixing 50 nL of protein solution (5−10 mg/mL PDE10A catalytic domain in TBS (pH 7.4), 
0.5mMDTT, 1mMEDTA, and 10% glycerol) and 50 nL of reservoir solution containing 0.1 M HEPES (pH 
7.5−8.0), 24−32% PEG 3350, and 200 mM MgCl2 at 4 °C. Complex crystals for compounds 1, 20a, and 43i 
were obtained by immersing apo crystals into the corresponding reservoir solution containing 0.075 mM 
inhibitor for 3 days. Complex crystals for compound 22 were obtained by immersing apo crystals into the 
corresponding reservoir solution containing 0.25 mM inhibitor for 48 hours. As for complex crystals with 
compound 36f, apo crystals were soaked into 0.2 mM compound 36f solution for 40 hours. Complex crystals 
for compound 43g were obtained by immersing apo crystals into the corresponding reservoir solution 
containing 0.2 mM inhibitor for 40 hours. As for complex crystals with compound 59e, apo crystals were 
soaked into 0.2 mM compound 43g solution for 9 hours and subsequently soaked in 0.1 mM compound 59e 
solution for 15 hours. Prior to data collection, complex crystals were treated with the reservoir solution 
containing 25% ethylene glycol as a cryoprotectant and were flashfrozen in liquid nitrogen. Diffraction data 
were collected from a single crystal at the Advanced Light Source beamline 5.0.3 (Berkeley, CA) for 
compounds 1, 22, 36f, 43g, 43i, and 59e and BL41XU at SPring-8 (Harima, Japan) for compound 20a and 
processed using the program HKL2000.78 The structures were determined by molecular replacement using 
MOLREP, 79 utilizing the previously reported coordinate of PDE10A with the PDB accession code 2OUN.37 
Subsequently, the structures were refined through an iterative procedure utilizing REFMAC80 followed by 
model building with WinCoot.81 The dictionary files for the inhibitors were prepared using AFITT (OpenEye 
Scientific Software). Crystallographic processing and refinement statistics are summarized in Tables 11−13. 
The coodinates and structure factors have been deposited in PDB with accession codes 3WYK (1), 3WYL 





Table 11. X-ray data collection and refinement statistics for compounds 1 and 20a 
 1 20a 
Data Collection   
X-ray source ALS BL5.0.3 SPring-8 BL41XU 
Wavelength (Å) 0.97645 1.0 
Space group P212121 P212121 
Unit cell dimensions (Å) a=49.7, b=81.7, c=161.2 a=49.9, b=81.8, c=162.2 
Resolution (Å) 2.45 2.70 
Unique reflections 24958 18737 
Redundancy 5.8 5.0 
Completeness (%) 99.45 (96.3) 97.7 (99.3) 
I/σ(I) 10.4 (1.1) 14.4 (2.5) 
Rsyma 0.146 0.118 
Refinement   
Reflections used 23639 17777 
RMS Bonds (Å) 0.006 0.007 
RMS Angles (°) 1.096 1.146 
Average B value (Å2) 47.8 61.5 
R-valueb 0.1988 0.203 
R freeb 0.2498 0.261 
aRsym = ΣhΣj |<I(h)> - I(h)j | / ΣhΣj <I(h)>, where <I(h)> is the mean intensity of symmetry-related 
reflections. bR-value = Σ | |Fobs| - |Fcalc| | / Σ |Fobs|. Rfree for 5% of reflections excluded from refinement. 





Table 12. X-ray data collection and refinement statistics for compounds 22 and 36f 
 22 36f 
Data Collection   
X-ray source ALS BL5.0.2 ALS BL5.0.3 
Wavelength (Å) 1.0000 0.97645 
Space group P212121 P212121 
Unit cell dimensions (Å) a=49.7, b=81.7, c=161.7 a=49.1, b=81.5, c=159.2 
Resolution (Å) 2.90 2.40 
Unique reflections 13970 26587 
Redundancy 6.0 5.1 
Completeness (%) 90.9 (53.1) 99.3 (98.4) 
I/σ(I) 18.3 (5.3) 10.0 (1.1) 
Rsyma 0.082 0.123 
Refinement   
Reflections used 13872 25650 
RMS Bonds (Å) 0.004 0.005 
RMS Angles (°) 0.914 1.013 
Average B value (Å2) 51.110 37.221 
R-valueb 0.181 0.235 
R freeb 0.261 0.282 
aRsym = ΣhΣj |<I(h)> - I(h)j | / ΣhΣj <I(h)>, where <I(h)> is the mean intensity of symmetry-related 
reflections. bR-value = Σ | |Fobs| - |Fcalc| | / Σ |Fobs|. Rfree for 5% of reflections excluded from refinement. 






Table 13. X-ray data collection and refinement statistics for compounds 43g, 43i, 59e 
 43g 43i 59e* 
Data Collection    
X-ray source ALS BL5.0.3 ALS BL5.0.3 ALS BL5.0.3 
Wavelength (Å) 0.97645 0.9700 0.97645 
Space group P212121 P212121 P212121 
Unit cell dimensions (Å) a=45.8, b=81.8, c=159.7 a=49.7, b=81.7, c=161.5 a=49.7, b=81.8, c=159.8 
Resolution (Å) 1.95 2.0 1.77 
Unique reflections 45993 45004 59305 
Redundancy 6.5 5.6 6.4 
Completeness (%) 95.0 (58.6) 99.3 (100.0) 92.4 (91.4) 
I/σ(I) 13.2 (1.4) 14.5 (2.0) 11.5 (1.7) 
Rsyma 0.077 0.111 0.071 
Refinement    
Reflections used 43643 42757 56318 
RMS Bonds (Å) 0.008 0.007 0.007 
RMS Angles (°) 1.210 1.172 1.172 
Average B value (Å2) 38.9 31.0 36.4 
R-valueb 0.179 0.181 0.173 
R freeb 0.234 0.215 0.211 
aRsym = ΣhΣj |<I(h)> - I(h)j | / ΣhΣj <I(h)>, where <I(h)> is the mean intensity of symmetry-related 
reflections. bR-value = Σ | |Fobs| - |Fcalc| | / Σ |Fobs|. Rfree for 5% of reflections excluded from refinement. 
Values in parentheses are for the highest resolution shell. 
*Crystal structure in complex with 59e was obtained by cross-soaking of 43g and 59e. In only monomer A of 








1. World Health Organization. WHO, schizophrenia, 2016. 
http://www.who.int/mental_health/management/schizophrenia/en/ 
2. Health, Labour and Welfare Ministry. 
http://www.mhlw.go.jp/kokoro/speciality/detail_into.html 
3. Insel, T. R. Disruptive insights in psychiatry: transforming a clinical discipline. J. Clin. Invest. 2009, 119, 
700–705. 
4. Colton, C. W.; Manderscheid, R. W.; Congruencies in Increased Mortality Rates, Years of Potential Life 
Lost, and Causes of Death Among Public Mental Health Clients in Eight States. Prev. Chronic. Dis. 2006, 
3, 1–14. 
5. Wysowski, D. K.; Baum, C. Antipsychotic drug use in the United States, 1976-1985. Arch. Gen. 
Psychiatry 1989, 46, 929–932. 
6. Nordstrom, A. L.; Farde, L.; Wiesel, F. A.; Forslund, K.; Pauli, S.; Halldin, C.; Uppfeldt, G. Central 
D2-dopamine receptor occupancy in relation to antipsychotic drug effects: a double-blind PET study of 
schizophrenic patients. Biol Psychiatry 1993, 33, 227–235. 
7. Kapur, S.; Mamo, D. Half a century of antipsychotics and still a central role for dopamine D2 receptors. 
Prog Neuropsychopharmacol Biol Psychiatry 2003, 27, 1081–1090. 
8. Pani, L.; Pira, L.; Marchese, G. Antipsychotic efficacy: relationship to optimal D2-receptor occupancy. 
Eur Psychiatry 2007, 22, 267–275. 
9. Janssen, P. A.; Van De Westeringh, C.; Jageneau, A. H.; Demoen, P. J.; Hermans, B.K.; Van Daele, G. H.; 
Schellekens, K. H.; Van Der Eycken, C. A. Chemistry and pharmacology of CNS depressants related to 
4-(4-hydroxy-phenylpiperidino)butyrophenone. I. Synthesis and screening data in mice. J. Med. Pharm. 
Chem. 1959, 1, 281–297. 
10. Moore, N.A.; Tye, N.C.; Axton, M.S.; Risius, F.C. The behavioral pharmacology of olanzapine, a novel 
‘atypical’ antipsychotic agent. J. Pharmacol. Exp. Ther. 1992, 262, 545–551. 
11. Oshiro, Y.; Sato, S.; Kurahashi, N.; Tanaka, T.; Kikuchi, T.; Tottori, K.; Uwahodo, Y.; Nishi, T. Novel 
Antipsychotic Agents with Dopamine Autoreceptor Agonist Properties:  Synthesis and Pharmacology of 




12. 錐体外路症状（extrapyramidal symptoms, EPS）とは，自らの意識と無関係に不随意運動が起こる
症状であり，身体がこわばってスムーズに動かせない場合や，また逆に，勝手に振るえなどが
起こる場合がある． 
13. Pierre, J. M. Extrapyramidal Symptoms with Atypical Antipsychotics. Incidence, Prevention and 
Management. Drug Safety 2005, 28, 191–208. 
14. Krebs, M.; Leopold, K.; Hinzpeter, A.; Schaefer, M. Current schizophrenia drugs: efficacy and side 
effects. Expert Opin. Pharmacother. 2006, 7, 1005–1016. 
15. プロラクチンとは，脳下垂体におけるドパミン機能低下により分泌されるホルモンであり，血
中プロラクチン濃度が高くなりすぎると，女性の場合，生理不順，不妊症，流産の原因となる． 
16. Kroeze, W. K.; Hufeisen, S. J.; Popadak, B. A.; Renock, S. M.; Steinberg, S.; Ernsberger, P.; Jayathilake, 
K.; Meltzer, H. Y.; Roth, B. L. H1-Histamine Receptor Affinity Predicts Short-Term Weight Gain for 
Typical and Atypical Antipsychotic Drugs. Neuropsychopharmacology 2003, 28, 519–526. 
17. Stoof, J. C.; Kebabian, J. W. Opposing roles for D-1 and D-2 dopamine receptors in efflux of cyclic AMP 
from rat neostriatum. Nature 1981, 294, 366–368. 
18. Hurley, J. H. Structure, Mechanism, and Regulation of Mammalian Adenylyl Cyclase. J. Biol. Chem. 
1999, 274, 7599–7602. 
19. Bender, A. T.; Beavo, J. A. Cyclic nucleotide phosphodiesterases: molecular regulation to clinical use. 
Pharmacol. Rev. 2006, 58, 488−520. 
20. Manallack, D. T.; Hughes, R. A.; Thompson, P. E. The Next Generation of Phosphodiesterase Inhibitors: 
Structural Clues to Ligand and Substrate Selectivity of Phosphodiesterases J. Med. Chem. 2005, 48, 
3449–3462. 
21. Loughney, K.; Snyder, P. B.; Uher, L.; Rosman, G. J.; Ferguson, K.; Florio, V. A. Isolation and 
characterization of PDE10A, a novel human 3'-5-cyclic nucleotide phosphodiesterase. Gene 1999, 234, 
109–117. 
22. Soderling, S. H.; Bayuga, S. J.; Beavo, J. A. Isolation and characterization of a dual-substrate 
phosphodiesterase gene family: PDE10A. Proc. Natl. Acad. Sci. U.S.A. 1999, 96, 7071–7076. 
23. Fujishige, K.; Kotera, J.; Michibata, H.; Yuasa, K.; Takebayashi, S.; Okumura, K.; Omori, K. Cloning and 
characterization of a novel human phosphodiesterase that hydrolyzes both cAMP and cGMP (PDE10A). 
J. Biol. Chem. 1999, 274, 18438–18445. 
111 
 
24. Fujishige, K.; Kotera, J.; Omori, K. Striatum- and testis-specific phosphodiesterase PDE10A. Isolation 
and characterization of a rat PDE10A. Eur. J. Biochem. 1999, 266, 1118–1127. 
25. Seeger, T. F.; Bartlett, B.; Coskran, T. M.; Culp, J. S.; James, L. C.; Krull, D. L.; Lanfear, J.; Ryan, A. M.; 
Schmidt, C. J.; Strick, C. A.; Varghese, A. H.; Williams, R. D.; Wylie, P. G.; Menniti, F. S. 
Immunohistochemical localization of PDE10A in the rat brain. Brain Res. 2003, 985, 113–126. 
26. Schmidt, C. J.; Chapin, D. S.; Cianfrogna, J.; Corman, M. L.; Hajos, M.; Harms, J. F.; Hoffman, W. E.; 
Lebel, L. A.; McCarthy, S. A.; Nelson, F. R.; Proulx-LaFrance, C.; Majchrzak, M. J.; Ramizez, A. D.; 
Schmidt, K. Seymour, P. A.; Siuciak, J. A.; Tingley III, F. D.; Williams, R. D.; Verhoest, P. R.; Menniti, F. 
S. Preclinical characterization of selective phosphodiesterase 10A inhibitors: a new therapeutic approach 
to the treatment of schizophrenia. J. Pharmacol. Exp. Ther. 2008, 325, 681–690. 
27. Grauer, S. M.; Pulito, V. L.; Navarra, R. L.; Kelly, M. P.; Kelley, C.; Graf, R.; Langen, B.; Logue, S.; 
Brennan, J.; Jiang, L.; Charych, E.; Egerland, U.; Liu, F.; Marquis, K. L.; Malamas, M.; Hage, T.; 
Comery, T. A.; Brandon, N. J. Phosphodiesterase 10A inhibitor activity in preclinical models of the 
positive, cognitive, and negative symptoms of schizophrenia. J. Pharmacol. Exp. Ther. 2009, 331, 574–
590. 
28. Smith, S. M.; Uslaner, J. M.; Cox, C. D.; Huszar, S. L.; Cannon, C. E.; Vardigan, J. D.; Eddins, D.; 
Toolan, D. M.; Kandebo, M.; Yao, L.; Raheem, I. T.; Schreier, J. D.; Breslin, M. J.; Coleman, P. J.; 
Renger, J. J. The novel phosphodiesterase 10A inhibitor THPP-1 has antipsychotic-like effects in rat and 
improves cognition in rat and rhesus monkey. Neuropharmacology 2013, 64, 215–223. 
29. Megens, A. A.; Hendrickx, H. M.; Hens, K. A.; Fonteyn, I.; Langlois, X.; Lenaerts, I.; Somers, M. V. F.; 
Boer, P.; Vanhoof, G. Pharmacology of JNJ-42314415, a centrally active phosphodiesterase 10A 
(PDE10A) inhibitor: a comparison of PDE10A inhibitors with D2 receptor blockers as potential 
antipsychotic drugs. J. Pharmacol. Exp. Ther. 2004, 349, 138–154. 
30. Verhoest, P. R.; Chapin, D. S.; Corman, M.; Fonseca, K.; Harms, J. F.; Hou, X.; Marr, E. S.; Menniti, F. 
S.; Nelson, F.; O’Connor, R.; Pandit, J.; Proulx-LaFrance, C.; Schmidt, A. W.; Schmidt, C. J.; Suiciak, J. 
A.; Liras, S. Discovery of a novel class of phosphodiesterase 10A inhibitors and identification of clinical 
candidate 2-[4-(1-methyl-4-pyridin-4-yl-1H-pyrazol-3-yl)-phenoxymethyl]-quinoline (PF-2545920) for 
the treatment of schizophrenia. J. Med. Chem. 2009, 52, 5188–5196. 
112 
 
31. Hu, E.; Chen, N.; Bourbeau, M. P.; Harrington, P. E.; Biswas, K.; Kunz, R. K.; Andrews, K. L.; Chmait, 
S.; Zhao, X.; Davis, C.; Ma, J.; Shi, J.; Lester-Zeiner, D.; Danao, J.; Able, J.; Cueva, M.; Talreja, S.; 
Kornecook, T.; Chen, H.; Porter, A.; Hungate, R.; Treanor, J.; Allen, J. R. Discovery of Clinical 
Candidate 1‑(4-(3-(4-(1H‑Benzo[d]imidazole-2-carbonyl)phenoxy)pyrazin-2-yl)piperidin-1-yl)ethanone 
(AMG 579), A Potent, Selective, and Efficacious Inhibitor of Phosphodiesterase 10A (PDE10A) J. Med. 
Chem. 2014, 57, 6632–6641. 
32. Kehler, J. Phosphodiesterase 10A inhibitors: a 2009-2012 patent update. Expert Opin. Ther. Pat. 2013, 
23, 31–45. 
33. Beavo, J.; Brunton, L. L. Cyclic nucleotide research — still expanding after half a century. Nat. Rev. Mol. 
Cell Biol. 2002, 3, 710–718. 
34. Menniti, F. S.; Faraci, W. S.; Schmidt, C. J. Phosphodiesterases in the CNS: targets for drug development. 
Nat. Rev. Drug Discov. 2006, 5, 660 –670. 
35. Lugnier, C. Cyclic nucleotide phosphodiesterase (PDE) superfamily: a new target for the development of 
specific therapeutic agents. Pharmacol. Ther. 2006, 109, 366–398. 
36. Zhang, K. Y.; Card, G. L.; Suzuki, Y.; Artis, D. R.; Fong, D.; Gillette, S.; Hsieh, D.; Neiman, J.; West, B. 
L.; Zhang, C.; Milburn, M. V.; Kim, S.; Schlessinger, J.; Bollag, G. A glutamine switch mechanism for 
nucleotide selectivity by phosphodiesterases. Mol. Cell 2004, 15, 279-286.  
37. Wang, H.; Liu, Y.; Hou, J.; Zheng, M.; Robinson, H.; Ke, H. Structural insight into substrate specificity of 
phosphodiesterase 10. Proc. Natl. Acad. Sci. U.S A. 2007, 104, 5782–5787. 
38. Jennings, W. B.; Farrell, B. M.; Malone, J. F. Attractive intramolecular edge-to-face aromatic interactions 
in flexible organic molecules. Acc. Chem. Res. 2001, 34, 885–894. 
39. Chappie, T. A.; Helal, C. J.; Hou, X. Current Landscape of Phosphodiesterase 10A (PDE10A) Inhibition. 
J. Med. Chem. 2012, 55, 7299–7331. 
40. Andersen, O. A.; Schönfeld, D. L.; Toogood-Johnson, I.; Felicetti, B.; Albrecht, C.; Fryatt, T.; Whittaker, 
M.; Hallett, D.; Barker, J. Cross-linking of protein crystals as an aid in the generation of binary 
protein-ligand crystal complexes, exemplified by the human PDE10a-papaverine structure. Acta. 
Crystallogr. D Biol. Crystallogr. 2009, 65, 872–874. 
113 
 
41. Plescia, S.; Daidone, G.; Fabra, J.; Sprio, V. Studies on the Synthesis of Heterocyclic Compounds. Part V. 
A Novel Synthesis of Some Pyridazin-4-(1H)one Derivatives and their Reaction with Hydrazine. J. 
Heterocyclic. Chem. 1981, 18, 333–334. 
42. (a) Japp, F. R.; Klingemann, F. Studies on aromatic azo and hydrazo fatty acids. Ber. 1887, 20, 
2942−2944. (b) Japp, F. R.; Klingemann, F. Studies of aromatic azo and hydrazo propionic acids. Ber. 
1887, 20, 3284−3286. (c) Japp, F. R.; Klingemann, F. Mixed azo compounds. Ber. 1887, 20, 3398−3401. 
43. (a) Buchner, E.; Curtius, T. Synthesis of β-keto esters from aldehydes and diazoacetic acid. Chem. Ber. 
1885, 18, 2371−2377. (b) Scriven, E. F.; Turnbull, K. Azides: Their Preparation and Synthetic Uses. 
Chem. Rev. 1988, 88, 297−368. (c) Shioiri, T.; Ninomiya, K.; Yamada, S. Diphenylphosphoryl azide. 
New convenient reagent for a modified Curtius reaction and for peptide synthesis. J. Am. Chem. Soc. 
1972, 94, 6203−6205. 
44. Sandmeyer, T.; Ueber die Ersetzung der Amid-gruppe durch Chlor, Brom und Cyan in den aromatischen 
Substanzen. Ber. 1884, 17, 2650–2653. 
45. (a) Miyaura, N.; Suzuki, A. Stereoselective Synthesis of Arylated (E)-Alkenes by the Reaction of 
Alk-1-enylboranes with Aryl Halides in the Presence of Palladium Catalyst. J. Chem. Soc., Chem. 
Commun. 1979, 866−867. (b) Miyaura, N.; Suzuki, A. Palladium-Catalyzed Cross-Coupling Reactions of 
Organoboron Compounds. Chem. Rev. 1995, 95, 2457−2483. 
46. Nahm, S.; Weinreb, S. M. N-METHOXY-N-METHYLAMIDES AS EFFECTIVE ACYLATING 
AGENTS. Tetrahedron Lett. 1981, 22, 3815–3818. 
47. (a) Freire, E. THERMODYNAMICS IN DRUG DESIGN. HIGH AFFINITY AND SELECTIVITY. 
Proceedings of the Beilstein Bozen Symposium. 2004. (b) Sims, P. A.; Wong, C. F.; Vuga, D.; McCammon, 
J. A.; Sefton, B. M. Relative Contributions of Desolvation, Inter- and Intramolecular Interactions to 
Binding Affinity in Protein Kinase Systems. J. Comput. Chem. 2005, 26, 668–681. 
48. P-gp 過剰発現細胞膜を用い，吸収方向および排出方向，それぞれの単位面積当たりの透過速度
（nm/sec）を測定し，それらの値を用いて P-gp efflux ratio(B to A/A to B)を算出している． 
49. Mahar Doan, K. M.; Humphreys, J. E.; Webster, L. O.; Wring, S. A.; Shampin, L. J.; Serabjit-Singh, C. J.; 
Adkinson, K. K.; Polli, J. W. Passive permeability and P-glycoprotein-mediated efflux differentiate 




50. Oguro, Y.; Miyamoto, N.; Okada, K.; Takagi, T.; Iwata, H.; Awazu, Y.; Miki, H.; Hori, A.; Kamiyama, K.; 
Imamura, S. Design, synthesis, and evaluation of 5-methyl-4-phenoxy-5H-pyrrolo-[3,2-d]pyrimidine 
derivatives: Novel VEGFR2 kinase inhibitors binding to inactive kinase conformation Bioorg. Med. 
Chem. 2010, 18, 7260–7273. 
51. Wager, T. T.; Hou, X.; Verhoest, P. R.; Villalobos, A. Moving beyond Rules: The Development of a 
Central Nervous System Multiparameter Optimization (CNS MPO) Approach To Enable Alignment of 
Druglike Properties. ACS. Chem. Neurosci. 2010, 1, 435–449. 
52. Pajouhesh, H.; Lenz, G. R. Medicinal Chemical Properties of Successful Central Nervous. NeuroRx. 
2005, 2, 541 –553. 
53. (a)Mitsunobu, O.; Yamada, M.; Mukaiyama, T. Preparation of Esters of Phosphoric Acid by the 
Reaction of Trivalent Phosphorus Compounds with Diethyl Azodicarboxylate in the Presence of 
Alcohols. Bull. Chem. Soc. Jpn. 1967, 40, 935-939. (b) Mitsunobu, O.; Yamada, M. Preparation 
of Esters of Carboxylic and Phosphoric Acid via Quaternary Phosphonium Salts. Bull. Chem. 
Soc. Jpn. 1967, 40, 2380-2382. 
54. Wang, E. J.; Casciano, C. N.; Clement, R. P.; Johnson, W. W. Two transport binding sites of 
P-glycoprotein are unequal yet contingent: initial rate kinetic analysis by ATP hydrolysis demonstrates 
intersite dependence. Biochim. Biophys. Acta 2000, 1481, 63 –74. 
55. Garrigues, A.; Loiseau, N.; Delaforge, M.; Ferté, J.; Garrigos, M.; Andre, F.; Orlowski, S. 
Characterization of Two Pharmacophores on the Multidrug Transporter P-Glycoprotein. Mol. Pharmacol. 
2002, 62, 1288 –1298. 
56. Loo, T. W.; Bartlett, M. C.; Clarke, D. M. Simultaneous Binding of Two Different Drugs in the Binding 
Pocket of the Human Multidrug Resistance P-glycoprotein. J. Biol. Chem. 2003, 278, 39706–39710. 
57. Aller, S. G.; Yu, J.; Ward, A.; Weng, Y.; Chittaboina, S.; Zhuo, R.; Harrell, P. M.; Trinh, Y. T.; Zhang, Q.; 
Urbatsch, I. L.; Chang, G. Structure of P-Glycoprotein Reveals a Molecular Basis for Poly-Specific Drug 
Binding. Science 2009, 323, 1718– 1722. 
58. Raub, T. J. P-Glycoprotein Recognition of Substrates and Circumvention through Rational Drug Design 
Mol. Pharm. 2006, 3, 3 –25. 
59. Hitchcock, S. A. Structural Modifications that Alter the P-Glycoprotein Efflux Properties of Compounds. 
J. Med. Chem. 2012, 55, 4877–4895. 
115 
 
60. Chen, Q.-Y.; Wu, S.-W. Methyl fluorosulphonyldifluoroacetate; a new trifluoromethylating agent. J. 
Chem. Soc., Chem. Commun. 1989, 705–706. 
61. Ali, M. H.; Buchwald, S. L. An improved method for the palladium-catalyzed amination of aryl iodides. J. 
Org. Chem. 2001, 66, 2560–2565. 
62. Klapars, A.; Antilla, J. C.; Huang, X.; Buchwald, S. L. A general and efficient copper catalyst for the 
amidation of aryl halides and the N-arylation of nitrogen heterocycles. J. Am. Chem. Soc. 2001, 123, 
7727–7729. 
63. Ertl, P.; Rohde, B.; Selzer, P. Fast Calculation of Molecular Polar Surface Area as a Sum of 
Fragment-Based Contributions and Its Application to the Prediction of Drug Transport Properties. J. Med. 
Chem. 2000, 43, 3714–3717. 
64. Kelder, J.; Grootenhuis, P. D. J.; Bayada, D. M.; Delbressine, L. P. C.; Pleoemen, JP. Polar Molecular 
Surface as a Dominating Determinant for Oral Absorption and Brain Penetration of Drugs. Pharm. Res. 
1999, 16, 1514 –1519. 
65. Fensome, A.; Adams, W. R.; Adams, A. L.; Berrodin, T. J.; Cohen, J.; Huselton, C.; Illenberger, A.; Kern, 
J. C.; Hudak, V. A.; Marella, M. A.; Melenski, E. G.; McComas, C. C.; Mugford, C. A.; Slayden, O. D.; 
Yudt, M.; Zhang, Z.; Zhu, Y.; Winneker, R. C.; Wrobel, J. E. Design, Synthesis, and SAR of New 
Pyrrole-Oxindole Progesterone Receptor Modulators Leading to 5-(7-Fluoro-3,3-dimethyl-2-oxo- 
2,3-dihydro-1H-indol-5-yl)-1-methyl-1H-pyrrole-2-carbonitrile (WAY-255348) J. Med. Chem. 2008, 51, 
1861–1873. 
66. Luk, K.; Michoud, C. 4,5-PYRAZINOXINDOLES AS PROTEIN KINASE INHIBITORS. 
WO00/35921. 
67. Huang, S. L.; Omura, K.; Swern, D. Oxidation of Sterically Hindered Alcohols to Carbonyls with 
Dimethyl Sulfoxide-Trifluoroacetic Anhydride. J. Org. Chem. 1976, 41, 3329 –3331. 
68. Bissantz, C.; Kuhn, B.; Stahl, M. A Medicinal Chemist’s Guide to Molecular Interactions. J. Med. Chem. 
2010, 53, 5061–5084. 
69. Siuciak, J. A.; Chapin, D. S.; Harms, J. F.; Lebel, L. A.; McCarthy, S. A.; Chambers, L.; Shrikhande, A.; 
Wong, S.; Menniti, F. S.; Schmidt, C. J. Inhibition of the striatum-enriched phosphodiesterase PDE10A: a 
novel approach to the treatment of psychosis. Neuropharmacology 2006, 51, 386–396. 
116 
 
70. Moore, H. The role of rodent models in the discovery of new treatments for schizophrenia: updating our 
strategy. Schizophr. Bull. 2010, 36, 1066–1072. 
71. Cristau, H.-J.; Cellier, P. P.; Spindler, J.-F.; Taillefer, M. Mild conditions for copper-catalysed N-arylation 
of pyrazoles. Eur. J. Org. Chem. 2004, 695–709. 
72. Suzuki, K.; Harada, A.; Shiraishi, E.; Kimura, H. In Vivo Pharmacological Characterization of TAK-063, 
a Potent and Selective Phosphodiesterase 10A Inhibitor with Antipsychotic-Like Activity in Rodents. J. 
Pharmacol. Exp. Ther. 2016, 352, 471–479. 
73. O’Neill, M. F.; Shaw, G. Comparison of dopamine receptor antagonists on hyperlocomotion induced by 
cocaine, amphetamine, MK-801 and the dopamine D1 agonist C-APB in mice. Psychopharmacology 





75. ClinicalTrials.gov. (Identifier: NCT02477020) 
http://www.ClinicalTrials.gov. 
76. Sugimoto, H.; Hirabayashi, H.; Kimura, Y.; Furuta, A.; Amano, N.; Moriwaki, T. Quantitative 
investigation of the impact of P-glycoprotein inhibition on drug transport across blood-brain barrier in 
rats. Drug Metab. Dispos. 2011, 39, 8–14. 
77.  Takeuchi, T.; Yoshitomi, S.; Higuchi, T.; Ikemoto, K.; Niwa, S.; Ebihara, T.; Katoh, M.; Yokoi, T.; Asahi, 
S. Establishment and characterization of the transformants stably-expressing MDR1 derived from various 
animal species in LLC-PK1. Pharm. Res. 2006, 23, 1460–1472. 
78. Otwinowski, Z.; Minor, W. Processing of X-ray diffraction data collected in oscillation mode. Methods 
Enzymol. 1997, 276, 307–326. 
79. Vagin, A.; Teplyakov, A. MOLREP: an automated program for molecular replacement. J. Appl. 
Crystallogr. 1997, 30, 1022–1025. 
80. Collaborative Computational Project, Number 4. The CCP4 suite: programs for protein crystallography. 
Acta Crystallogr. D Biol. Crystallogr. 1994, 50, 760–763. 
117 
 
81. Emsley, P.; Lohkamp, B.; Scott, W. G.; Cowtan, K. Features and development of Coot. Acta Crystallogr. 










Yoshikawa. M.; Hitaka, T.; Hasui, T.; Fushimi, M.; Kunitomo, J.; Kokubo, H.; Oki, H.; Nakashima, K.; 
Taniguchi, T. Design and synthesis of potent and selective pyridazin-4(1H)-one-based PDE10A inhibitors 
interacting with Tyr683 in the PDE10A selectivity pocket. Bioorg. Med. Chem. 2016, 24, 3447–3455. 
 
Yoshikawa, M.; Kamisaki, H.; Kunitomo, J.; Oki, H.; Kokubo, H.; Suzuki, A.; Ikemoto, T.; Nakashima, 
K.; Kamiguchi, N.; Harada, A.; Kimura, H.; Taniguchi, T. Design and synthesis of a novel 2-oxindole 
scaffold as a highly potent and brain-penetrant phosphodiesterase 10A inhibitor. Bioorg. Med. Chem. 
2015, 23, 7138–7149. 
 
Kunitomo, J.; Yoshikawa, M.; Fushimi, M.; Kawada, A.; Quinn, J. F.; Oki, H.; Kokubo, H.; Kondo, M.; 
Nakashima, K.; Kamiguchi, N.; Suzuki, K.; Kimura, H.; Taniguchi, T. Discovery of 1‑[2-Fluoro-4-(1H‑
pyrazol-1-yl)phenyl]-5-methoxy-3- (1-phenyl ‑ 1H ‑ pyrazol-5-yl)pyridazin-4(1H) ‑ one (TAK-063), a 
Highly Potent, Selective, and Orally Active Phosphodiesterase 10A (PDE10A) Inhibitor. J. Med. Chem. 




















研究員 國友潤博士，中枢疾患創薬ユニット主任研究員 伏見真博士，化学研究所 上﨑春陽博士，
化学研究所主任研究員 飛高武憲氏，化学研究所主任研究員 河田彰氏，中枢疾患創薬ユニット主





任研究員 上口直美氏， X 線複合体結晶構造解析をご担当頂いた生物分子研究所主任研究員 沖英
幸氏，各種 in vitro アッセイをご担当頂いた生物分子研究所主任研究員 近藤光代氏，中枢疾患創薬
ユニット主任研究員 中島康祐氏に感謝いたします。また，本研究を行うにあたりご援助をいただ
きました全ての方々に、心より御礼申し上げます。 
 最後に，自らも研究者として多忙を極める中，著者の立場を理解し，常日頃から献身的に支えて
くれた妻 京子に心から感謝いたします． 
 
 
